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sqtMjLgr 

fht work eoaslst* of thm pazto, puriflootlai of tho 
alloy t dixootlonal ooIldlfioatioB and otadf of aloxootxaotaxo* 
yor parlfloaiioB, oobo coflBlng with dlffOxoot BiMlMr of paaooa 
«ao ttood* SoTon alloy o of ovtootle ooapoaltloa »o*o Boot for 
thio piurpooo. iBotoad of lOflBing ilM iBdloidaal ooapoaonto aod 
tboa a a ktB i tho alloyo* tbo olXoyo of oatoetio ooapooitioo vozo 
■one zofiBOd. iff dolag oo tbo aotoal aoomt of ooik inool'tod 
oao amffielintly xodueod, ooao lapmrltloa oliloii oozo diffloalt 
to zoaovo la paxo aotal oould bo roaovod in alloya and aay 
pro«»outootle odapoaont pzooont «o«ld aloo oogxogato on oao oad, 
and tbo alddlo part of tbo bar loft with ontoetie oonpooltion. 

fbo purlfliod allojro oozo czoina dlzootlenallj at a opood 
of 20 oa/br* Tbio zooultod in orloatiBg tbo pfcMMOo la tbo 
dlzoetloa of gaowtb* Tbioo aatBollj porpondlonlar oootioao 
(tzwovozoot voztloal loagltadiaal and berlooBtal loacitadiaal) 
BOZO takon fZoa tbo oontzo of tbo bar Ibr alezoitxaotazo atady* 
Tbo aost rtaaxkablo xoalldaaoBt of tbo ooooad pbaao oao oboorood 
In Bi-0d» Z»-Sb and Sa-la ovtootle allaro and oltgtitor aUgaaoBt 
iB oaao of Bi-Sa and Bl-Za alloya. Tbo obaeiBO la atzaotaro ia 
aoat probably doo to alow croatb rmtOt loaor tapazitj ooatoat aad 
boBoo tbo rodtiood iaoidoaoo of to tw a la g » 
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SOtMiRT 

Tbt work eoasltt* of thsoo poits, purlfloatlw of ttao 
allojt dlrootloaml soIlAlfltatloii oa<ii otoctj of alozootanurtoxo. 

Yor porlflootlon. son« stflalng with dlfftzoat awikor of paoooo 
oao uaod* Sovon allojo of ovtootlo ooapoaltloa «•» aatA for 
ttala poipoao* Xaatoad of xoflainf tte laAlvlAaal iMaipoaoato aad 
thoa aaklat tho allojo, tbo oIXoyo of outocrtio ooapooliloa laixo 
Boae xofiaod. % doiaf oo tlio aaioal a aoi ai t of oo* latoXvoA 
aao aaffloloatXy rodaoodt aoao laparltioa abloli vox* diffleul-fc 
to MBooo la paxo Mtal oould Im roaovod In aXIoya aad any 
pxo»outoatle ooapoaant praaont ooald alao oogsigato on oao and, 
and tbo alddla part of tiM bar loft vltb outoetio ooapoaltlon* 

SlM parlfM alXofo aoxa ixoao dlxaotloaalXj at a apaad 
of 20 aa/br# Xbia xoaultod In orlMitlac tlam ptaaaaa la tbo 
dlxaotioa of daovtb. Tbiaa awtaaXXf pozpoadieular aoatioas 
(tnaiaYorsot voxtlaaX XoagltadlBaX aad borlaoatal Xongltadlaal) 
aazo takan fkon tbo ooatza of tbo bar fbr alezoatxaataxo otady. 
Tbo aoet rtaazkabXo xoallgaaoBt of tbo aoooad ^aao oao oboortod 
In Bl»0d« Za-^b aad Sa-la ovtootlo aXIogFo aad aXlRbtor aXlgnaont 
la oaoo of Bi-Sa and Bl-Za aXXoyo. Tbo ofaango la otnataxo la 
noot pxababXy dao to aXov gxovtb rato« Xooor iMmAtj ooatoat aad 
bonoo tbo rodnood laoldonoo of tolanlac* 
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HTBOIPCTIOK 

Ettt«etl« m»j 1m toJlMd •• ttoc ftlligr MSiMsltm 

tlimt tfmm at a aaaataat taapaxataza, aadaxfalag ttea aataatle 
raaatian oovplataljr. It oaa alaa h9 dafined ai ac aXlai aaapa* 
aitiaa at lAleb taa dtatadlac llqatdaa eanaa la a feiaazj ^rataa, 
ar tbxaa daaaadlac llqaidaa aavfaaaa la a taxsaigr bpatan naat at 
a polat. TImhi aaeb an allay haa a loaar aaltlag palat than tlM 
aalEbbaarinc aaapaaltlaas* 

In a biaazy allay iQrataa t«a dlffiizaat Mild plmsaa axa 
iaiaad daring aaallag. la this aaaa a liquid af fl»d aaapaal^ 
tlaa (eallad avtaatia aaapaaltlaa) teanaa at a partlaular taapa- 
xatara (aallad autaatle taapazatara) ta glaa taa aallda al dallalta 
oonpaaltlaa* Xa a glvaa allay qrataa mora than ana aataatia 
aaMpaaltlaa a«y acaur. 

Zm» xafialag aay be daflaad aa ultra pwrlHaatlaa af blgb 
puxlty uatarlalB. It aakaa uaa af aagzagatlaa fbaa aa aa a# fba 
taataalqua la aaaduotad liy ualag a laoallaad baatlag uauraa^ aasb 
aa niaduatiaa aall» radiant liaatar. ar alaatraa baaa ta pzaduaa a 
aaltaa aaaa aaaaahara alang tha laagtb af tba bar af tba aatanal* 
ablab la ta ba puriflad^ Tba aaaa U alaaXy aaapt alaaag tba laagtb 
af tba bar» and tha praaaaa aay ba xapaatad aa aftaa aa raqulatad. 

Tba aatarial aaa be auppartad barlsautally la a rafraotoxy 
said ar abaa artroM purity la aaquirad It nay ba bald vertically 
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in ymwm tr la aii Imn^rt ataaaptere. Hw sane la oaaaad 

to tzavarse alaac tha Xangtb at tha aoXld bar bT ao'vl&fi tba aauraa 
af haat at a glvaa rata aXaag the bar la faraard dlxaetloa* atolla 
baak aatlaa la vaaqr £aat, ao aXX tba lapurltlaa ableb Xaaar tba 
aeXtlae palat of tba aatarlal cats aasrtsatad la tha Xaat part 
to be aoXldlflad* Xa aaaa XavtXXiag tha miXtan aaaa la aaead In 
hath dlzaetlan with tha aaae apaad» ableh Xavala tba laparity 
ooataat af tba bar* 
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2.1 

IWWitiOII »f IiWNtlWI 


tlM finft ttMoxif •! iMMllAr MlldlflMtioa appaara 

to lUita Waa glaan by Taiaauui^t aha pxapaaa4 that tba tao phaata 
aigratalllM altaaataly* TacaX^ axpxaaaad a 4ifftiiaiit opialaa af 
th« gnath watealait aa ha ooaaldazad that tha aataatia alloy 
of 04.Za aoXltlflad by tha aUraltaaaaia azyatalliaatlon of both 
phaaaa* fiarlag aolldl float loa tba a phaae xajaata atoaa of i ani 
p phaaa lajaota atoaa of JU Btadar atoady atata gxawth ooBdltloaa, 
tha lata of lajaatioa of B atoaa by a phaaa la a«aal to tha xata 
of la^otioB of A atoaa by tha p phaaa. 


A aaabaraaa to ba plaoad la llqald aolinaar with 
tha a-p l^aat boaaAaxy* ao that ao lataial dlffwloa of aoXpta 
oaa eooar. la thio oaaa tha aolata diatnbatlea in tha litaid ahoi 
af a «i4 fi liMilaa alU iaaxaaaa to thair ataady atata aalaa 
giaaa by,^ 

1 — K RT 

01* w 0^ I ojp (-■¥) ♦ 0 , 

c£ “ 0^ [. y fi ] vxp («■ «^) + (2) 

P 


vhaaa 



X 

s 


« Ooaaaataatloa of 1 ahaoA of a phaaa 
>■ Caaaaatiatiaa of A ahaad af p yhaaa 
. filataaoa fM aalit llQali lataafhaa 
« Paxtltloa aaafflalaot af B la a 
• PaxtltloB aoaffialaat af A la p 
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13 • Liquid dlfftulOB 

K » lat* 9 f «lv«n«e mt tba latarfao*, 

C« * Kuiaetlo Maatoixatloo* 

in# MXvfte diiitrlt>#ti«i» an zapieswitadl Ua !!««*• 1, l.«. 
a Ml<Uap al p aonatltaant ataaad of « phmm aad dafieloiiar abaad 
•f f) pbaaa. Bat in aataal aaaa thar* will ba lataxal diffoalan 
iMtaaaa tha taa xacloaa rlab la aalata aad baaaaaa af latazal 
dlflUelaa tba aaliita oaaaaatxatlaa liaa Ita hi«|iaat valaa at tba 
aaatxaa af tlw laaallar aad tba oaapaaltiaa at tba latarfaaa baaad^ 
azf mat ba aqaaX ta tba aataatie eaaaaataatloa* beoaaaa It 
la In oaataot altb bath a aad p pbaaaa alanitaaaoaaly. fba aoaaaiw 
txatlaa aaxaaa tba aoXld»llqald latarfaaa alXl ba aa abaaa ta 
flgaaa S« 

la caaaval tha aldtba af tba ladlfldaal lamllar af taa 
dlffaraat pbaaaa will aat ba acraal, aor will tba eoBoaatxatiaa 
profllas af aalata alaaaata abaad af tba two pbaaaa ba aqaal. 

to mi 

IB aaaa aaaaa tba aataatla fzaaaaa with a xad-llka aarfbalasT 
laataad af a laaallar aarpbalady at all aalata af gxaath xataa, aad 
in atbar aaaaa laaallar bxaak dam lata rada at aartala graatb rataa. 

Oaaaldaziag Idta aam talma fbaatlaa af a aad P pbaaaa far 
batb mrpbalaglaat It la ImadUtaljr ap pa a aa t tbat tba ratla af tba 
pbaaa partlala vldtb X^X|) abaagaa abaa tba aataatla aaaaaaa tba 
zad faxTD ratbar tbaa tba laaallar fam* Tba avaaaga aadaraaaliag du 
ta diffaaloB far tha zad fazn oaf tbazafara ba emparad with that 
far tba Imallmr faza» 



FIG 1_ DISTRIBUTION 01 B CONSTITUENT AHEAD OF 
c< 8, P PHASES^^^ 
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' FIG2_(a) CONCENTRATION DISTRIBUTION AHEAD . 
i OF EUTECTIC INTERFACE^ 

: . (1) i 

I ' (b) SHAPE OF EUTECTIC INTERFACE 
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(^5^) ^^*D(i«aeiX|^,) (5) 

Stopt fiaiotor for ImUat Morphology, 
sauipo footor for rod m>iphologj« 

Ooaotaat footer for liiMllar aorphology. 

Coo ot ant factor for rod Morphology, 
ivtzagM uadorcoollnc of the Intorfaoa roqulrod 
to dflto tho dlffoaloa daring Mtoady atato 
growth. 


Tho aliapo pamiater'y baa tiMOgad alnoa tho ratio 
thorolhxo tho ratio of load dlatanoo of two phaao aboad of tho 
intorfaoo, hao ohaagod. Tho ratio d^d^ haa daoroaaod, 

tho. -i’/y < 1. ■<> 

hotwooM tho phaaoa ia oaaior fbr rod Morphology than tho laaollar 
Morphology. 

Tho rolatioaahip hotvoon tho andoroooliag dao to bowidaxy 
Ihraation av ol-ao to dotosalnod. Tho naohor of roda iMtoaaootiait 
unit aroa of latorfaoo la 4A>?» tfama tho loagtb of ap phaao ho«yu 
ary par wait aroa^iMlid llamid tntorfhoo ia Slaoo tho 

dopartmxo of tho ap phaao hoimdaxy fxon ita profhrrod oriontation 
wUl prodaoo an laoraaao la atorago intorftiolal oaorgy par wait 
aroa to ^to afi intorfaoial onorgy par wit woImmo of 

aolid ia (to ep Thaa tho rolatlvo wdoiMoollago too to 
tho farnation of a| phaao ho wdaiy for tho two foraa of idoatloal X 

''••(L-.lUr) <♦> 

whoro ^ - Intorfhoial onorgy por wit aroa, 

^ ■ laoroaaad oworago iatarfhaial onorgy por wit aroa 
prodaood dw to tho dopartoro of tho afi phaao 
howdary froM ita proforrod oriontation. 
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*B " •f Arvotlos •f two ^hoooo. 


If tho irtiopo factor Y la otooa^ again ooBaidartd aa eoastaat^ 

r7 


It la raadUy ap^aacoat tbat*' 




« I/O 

■»«{i »vx«.u«) «« 




fxoa aqaatloB if tbo teaolcatad axipiaaatoB la laaa tliwi 
BBlty* tte xad ftra will pradaoa ataadj atata gBovtli at hlglior 
txaaafaxwtloa taaparataxa tliaa tlM laaallar ftza aad will tbwa 
bt sMiaa atable tluM tba laaallar foxas. Par tbe autaetlea baalag a 
largo aalaa of « tba rad aarpbaXagr «111 Imi fatoaxadU 


law ta aoa atqr a autaotle will aastaw tba lawallar faxa at 
law aataa af gxawfeb aad traoafazaa ta tba rad Mrpbalagjr at blg!bar 
zataa af grawtb« aaa aaad a k»awladga af tba teotlonal fan af 7 « 
Saab a traaaltlaa waald aaly ba paaalbla If la a fbaatlaa af 

7ar R. Xbla Blgbt allaw ^**(xaBallar) ^ ^^aCzada) ntaa aad 


tQ ai>iwaw iwitumt 


Aa tba rata af fraaalmg eaatlaaaa to iaazaaaa« tba aaparactlaii 
diafeaaaa af tba roda will daaxaaaa^» aad tba wdaxaaallag af tba 
aalld-llquld latarfaaa will laeraaaa. Aa tba latarfbaa ta»paratmxa 
daaaraaaaat tba a latarfaaa will baaona aava*«oal«A ivltb raapaart ta 
p pbaaa aad alaa*waraa» Ab tba xada baaoMi aarxawar* tba prabablllt 
af aoelaatlac tba p ybaaa aa tba a aatrlx will laoreaaa^. Tboa at 
bigb xataa af frawtb» tba rayaatad awalaatlaa wUX load ta tba far- 
aatlaa af glabalar af tba dlaaaatlawma ybaaa dlayaraad In tba 
oatna af tba aaatlaaaia 
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iJi tb« vtoM tb» cp pham \>amAtti!f !« 

a «taa4j aiatt laMlXar latarXaaa eanaat asdlat* la this 
mmf tha Aiaflaaklaaama plMw partleXaa a«f aaelaata an tha aaatl- 
aneiui pbaaa aaMzata. M aaatlavad «ya^liKnXl aot laad to a 
atalila aarphalaor, Zaataad repaatad aaolaatiaa af tlw dlaoaatl- 
aaoaa pbaaa paxtleXaa mut acear at all mtaa af gzavtli pzadaoiag 
a flalMXar atzaataza. She glalmXar aarphalagy will tbaxafoia Iba 

% 

fatoaxad Iqr aaall aalua at * a» fi) aad laxiga valaa af 

Za aaajr ivataaa* aaa af tte piMoaa appaaaa ta xaadaaly 
AiatxiWtad ia tha twa^iaaaaiaaal alezaaaotlaa* Zf tlia aaeZaatlaa 
plapa a aajar xala In aacfa a zaadaa array* aaa aan axgaa tbat liiaB 
tka prlaaiy phmm ia aaakZa to aorta aa a aacZaatlag afoat far tha 
ataoadazy phaaa aad tba aaaaad phaaa la amolaated hatrocenaaaaly 
ijR tfaa liqald* tkla zaaalta la a xaadta ariaatatloa af tlM» dlaaaa- 
tlaaaaa pkaaa paztloZaa*^ Saek avtaatla baa baaa taaaad aa * aa aaia 
loaa aataatla** tax aaelaatlon ta aeaar In tbe liquid ratbar tbaa 
ao tha priaazy aabatrata, it la raquixad tbat tba <x.p iatarfaolaa 
amxgtt ba larga aaaparad to iba p-oiyatal iatax«wial aaaziy 

tba dlaaraad (dacMarata) aataatia abaw« aa aaapliB«^, la 
faat tba twa pbaaaa i^taapt ta a U tal a a tbalr azaa af aoataat and 
ta tarn aapaxata arfatala* Xt baa boM aacfaalad tbat alow aaaliad 
dataar tbia typa af atraataxa. tfaia atxaatara raaalta ubaa tba 
twa iduuMa ftaaaa aaa at a tiaa aad aalidifiaatloa af aaa ia 
aoaplatad baftxa tba aaaaad atazta* tba faaaatlon af dlaaread 
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•ut««tlo im «ot a otaftncterltftlo aaor Mr la It dl»«rtly 

relatad to tho pxoportloa of tho oospostata or to tlio loootioK 
of ttao outootlo point, ]4.torood ootootleo pxodoBtonto oliea t)M 
ptaooo that aaoloatoo tho oatootie xoquixoo hlKfaor mdoxeoollag 
for Ito aaoloatioa, and olioa tho alloj ooapooitloa io far Itoa 
tho outootlo oa tho oldo of tho aoa»auoXoatlag pbaao. 

Sidioll^ hao dotidod all hinaxy outootlo otraotuxoa late 
'noxaal* aad *aaoaalouo* haood on tho ooaoopt of a oooplod rogloa 
of outootlo mqrotalllaatioa, 

A aoxaal outootlo otruotuxo la tjploallp laaollar la forot 
tho too outootlo phaooo aro anraafod la altozaato parallol ohoots 
or laaollae* a otruotuxo ooBparablo to that of outootold poarlito 
ia otoolo. A fxoquoat uarlatlon lo the xodllko otruotuxo « la 
ohlob OBO phaoo oxpotalHooo aa a aerloa of parallol xuda ouhaiioi 
ia a ooatiauoao uatrlx of tho other pbaao* otruotuxo la ao3> 

ually found ia iapuro alloja^. thia otruotuxo lo alao ohaorood ia 
tho aliofa ohoro the toliuM fraotloa of tho ooooad phaao la Xoo^* 
fho oaooatlal featuxo of a aoxaal otruotuxo ia that the too autao- 
tio phaaoa proeoaahly oxyatalllaa aiaultaaoaualp Ip the adoaaoa af 
a oou ao M iatarihaa lata tho aolt« 

ia Mieeialoaa outaoUa atxuatara aaoordiag to Sohoil lo 
tjrplflod hp ah oe a a o of aap mub ooaaoa iatovfaoo, tho ooooad 
phaao paxtioloa aro imiaUxlp diatrlhutod ia tha parent aatnr. 

Aeferoaoa oaa alao aado to a third olaaa of otruotuxo which 
3ohoiX eaUod 'dogoaoxatoS hut thla olaaa uaa ooip poorly doflned 
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SolMlI zvlltmd x«p««t«<U3r to » •gloMor* trpo of nonaX avtootio 
rtzuoturo, vbleh ooaotivod am a uniform dlatxibatloa of dlo- 
onto cXobvlar of on phmm la o oontlaooos notvlx of tha otlior* 
iieiiooor« glolsntlor otruotun on my xoxoly fOwd, for oMiplo« 
fo-c nd Cu*0m20 ontootioo* 

Ttao otnoton of owtootlo oUeys lo oo nofa ot dopoadoat 
on naclomtloa of ttao phoooo^« Moxaol oatootlo foao aiMm oao 
pbaoo ooto oo aaolootiag ogoat for ttao otbor oao oaA ttao too 
phaoos grow win or looo togottaor vltta a doflalto orloatatioa 
xoXatloaoklp taotwoa ttaon aaoaaXoao ewkootlc foxao otaoa taotta ptaaooo 
an aaoloatod tay fonlga iapurltioa and tboxo la ao orloatatioa 
roXatioaatalp taotwooa ttao ptaaooa« Sogoaoxato outootlea naalt whoa 
ttao aoooad ptaaoo la not aaoloatod oatll aolKlfloatloa of ttao flrat 
ptaaao la ooaplotod, 

Xa way owtootlo or*toa too or oooa all ttano typo of owtootlo 
gtzaetana oaa foxa, taooaaao ttao appoaraaoo of ttao oao or ttao ottaor 
typo la partly awoloatloa ooatnllod* ftao otrwotwn dopoada aalaly 
oa ttao typo aad oaoaat of laparltloo proBoat* taat la aot oloaoly 
rolatod ta ttao otaazaetorlotlo of ttao oo apoao ato or of ttao oqalXltarlig 
dlogm. Uoaoo ttao addltloa or naoool of tapaxitioo ooa i^oot ttao 
aaolootioa oad ritlft ttao alloy otnotan txm mm typo to aaottaor* 

ftao noalto of ttao nooonh m aaolootioa^ ataowod ttaat aaoloi 
tlon lo atrlotly o oao w aaaoot, if o aaoloatoo ttao p ptaaoo, p 
ptaaoo koo ao aaoloatlag offaot oa a^ ttaa nllatoraX aaoloatloa wai 
ataowa tay ttao ftaet that, itaonao ttao pnooaoo of priaoxy ezyatala of 
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■IgnitloaBtljr ttei fer £Bt«Kltt|; of 

p, tb« pMataoe •£ p did not wd«M toaid oeMs«l«n«lljr 

•T«ii InertaMd %hn mp«x«ooljUag for tlio frtoslng of cu tS tlio 
frcoslig of -lilt oiifeoolle (nttoloatlon of p) took plaeo with » 
oppreeiobly Mail «idoxooo].lag wbea prlnaacy a orsrotolo i>oro pro* 
■oatf tlM anoloation of p too ottrilnited to s prlnoxj portlolo^. 

If BO dlffoioBoo iB mdoroooling oas Beoouxod wltb or oltlMBt 
priBex3r oxiBioXst bboXobIIob of p la tbe o«tooti« «m attrlMod 
to foxolgn iBpvieltieo tu tbe aeXt* Iho nuelootioa data are 
xoportod la Cable 1. 

ia tlM BoXt of OBtoetle ooaocBtratios lo auporoeolod, tfao 
BmcXol of MM pbooo vUX fom la tbe Ilqald* go tbe esqretalo of 
this piMOo beglB to grew, ooXvte dlatrilratloii will be b«lXt «p 
oboad of tboo Baking tbe latorfaoe soro greatly oaporeooXod wltb 
xoqioart to tbo oeooad pbaoo. ftae laitlaX bboXoI wlXX grow ao redo 
or pXatoXoto ao UXBotmted in ng«to 9(a) , olaoe tbooe ore tbo 
■bapoo that wUX grow with the Xoaot aoXwto baiXd iqp at tbo grewiag 
edge, and thua the Xeaet taideroeoXlag* 

If tbe priaaiy phaoe eorvoo ao an eflbotlwo aooloao fer tbo 
aaooad fbaoo, the oeoend pbaae will naoXoate on tbo ourfaoo of tbo 
prlaazy pbaae and aboorb the enporoooXlag. flgaxe -Xb) IXXaotrati 
tbe aaeXoatloB of the oeooad pbaae oa the faoe of tbe priaarj 
pbaae and tbo edge wiao growth of tbla BooXoma to aboorb tbe 

aoperooeXlag* 

Cbero are now two pXatea growing both odgewiae end aldowioo. 
die ftroatlea of new Xeforo of aXtexaate pbaae oar roadlXy oeewr 
bp oworXap of oao pbaoo at tbe edge ef tbe other pbaoe ao UXuotra 



fmhU 1 


1 feidtere 0 «l.l»g f*r 



Pilaaij fbaat 

Qa4aia«allaa Iba 
attclaatlaa »C 
balaa eizt««iio 

. taaBj^ , , 

Z3i • 11 

Zb 

1 ^5 


fil 

0,25 

Sn • B1 

Sa 

> 17 


B1 

6.0 

Sa • Sa 

Sa 

2. 5 


ztx 

5*5 

Pb - Sb 

Pb 

2. 


Sb 

«.o 

Bi • Pb 

Fb^Bi 

4*5 


?b 

1 50 



(a) PRIMARY PHASE 
PARTICLE 


(b) NUCLEATION OF 
SECONDARY PHASE 



FIG. 3 _ PROPOSED MECHANISM OF ALTERNATE 
LAYER FORMATION^ 



11 


la 3(0). tlNui a a«ltUarox«4 wilt mmy ^ bailt by thla 

•vorlappiag ■oohonlaiB^ Svdi a gnwth aatt aoald prodaeo lamillar 
of the dloooatlmao phtm havu^ a tu»i arlontatioa la a gzala^. 

i«>ny atadloBv of a aaolMir af laMllar outootlo ayatoss, 
haao dotoaalaod tho OjqrataUogMpblc zolailoaship axlata 
totvoea the Xattlooa af tha t%o liBMXIa& Thalr dataxalaatloa al 
tha aamapaadiag planaa aad diveotlona la the two lattloea haaa 
haaa tahaXatad la Tahla 2* 

laolaatlea aflhet aan ha aaaaarlaad as haXoa^^ 

Osiaataticui RaXatlaaahlp Ha ariaatatiaa 
hataaea phases xalatiosahSp 

msssu^stm^ 

Qaa ihssa asts 

as s a tla ss laxaal laoaaXaas 

Ha phaaa aata 

as aaolaua » Pagwiarata 


Xha aapty apaaa shass that aa ariaatatiaa mlatlaashlp aoii 
axlst hataaaa tha phaaes althaat a alaaXtaaeaas aaalaatlaa affaat. 

It Ist haaaaar, dsahttuX if aaclaatlan zaalXjr pliqrH * gzaat 
past la datezaialag tha alasa-aaxphaXacy at tha phases axaapt darixkg 
la i t lal stages at gxaath at the aataatla gaala^^* This aapaat «11X 
ha disaassad Xatar. 

Chadrtet'. ^ 

Chadalak^ has pzapassd tha diaislaa at aatastic stsastaxa 
lato *aaatiaaoas* sad ’diaoaatiaasoa* typa» hart this oXasidtleatlaa 
laads ta assaatlalXy tha saaa alassltlaatiaa aa that at SohaiX. Nat 
aaXy that, hat aaay aaaalaiXy dlsas atlaa a a s stxastaza saoh as iXoSi 
hate la that haas taaad ta ha eaatlaaaas^* 


TOXt 2 


Orlevtatlon In S«t«oti« •£ Binaxy 

IXXtgrs.^ 


Sygtm 

ftaBBBB fBBW4 

BaXatioBS 

AM ^ OU 

f«o f.e*o. 

AXX pXaBBB Bad dlatBtlBaa 

PbxbXXbX* 

iX «• Cu 

AX 

(001) AX ]{ (001) 9 


9 (B.o. UtmflBBBX) [100] AX ]| [100] a 

Ag AX 

A1 (f.B,c) 

(111) AX 1 ) (0001)/ 


y 

(AgAl) 

[110] AX it [1120]/ 

04 * SB 

Tbo o«p.^)i. 

(0001) 04 \\ (OOOI)Zb 
[ 0110] 04 II [0110] Za 

B1 - 04 

11 [xlMMib^BdXBX] 

(1010) 11 11(0001) 04 


04 

[0001] 11 (i [0110] 04 

C4 * Sb 

Cd (0,p*b«) 

(100) SB It (0001) C4 


SB <1>,0.t} 

[001] SB II [OIIOl 04 

Sn - Bi 

8b 

(100) 9a II (0001) 2b 


2a («*p.B*) 

[001] li 11 [0110] Sa 
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Jm&A Plrtaaosi 

has alaMlflad tli« stinivtuxa oa tba m 

baala at laad dialauiea, Tha gzawiag laaaXIar 4a aat alaaya aava la 
a llaaar fxoat, aaxy aftan aaa phaaa vlll pzaea4a tba athar 
jnguza 4)* Hcaioa laacltaAlaal dlfftaaloa alaag tba laadiag ptoaat 
ailX axlat la addltlaa ta tha XataraX praaaedlag la fxaat af the 
aalld»Xlqald iatarl!aea» 


TlXXair^ haa daviaad aa aqtaitiea jBtr tha lead af aaa phaae 
aver tha athar* hat It aRaaat he aaltad aapllaltl; with regarda to 
tha MtaX XaaA« 91Xlar aaanaind that the tips af tha I^BeXlar aaxa 
eeatax, with reXatlaaX; daap gzaaaaa hetwaaa aaSghhawrlac XwtaXXar 
flgiixa 4(a}» liawawar, tba dlraat ahatrvatloa af tha aaXldlfiaatlwi 
fxeat irikawa that at Xaaat aawa arataoia exhibit a xatber idtarp adga 
XaiMllar tUw 4(h). Haaaa tha laagltadlaal difftaaiaa diataaaa 
is aqwaX ta tha lead dlatanaa d^. If awtaatla aMaantxmtiaa la 
aaanaad ta ha whasa tha twa pbaaea aaaty tha tatal diffaaiaM d4a» 
taaaa la glaaa hi* 


I. “ h 


■p - ¥ 

laXXawiag fllXair*a xaaaaaiag that tha flax af aoXuta lata 
aad aat af tha aaxaar wbaxa tba XaaaXXar aaat aza equal* tha 
txatlen dlffhMaaa hetwaen the aid palat af tha XaaaXlar aad aaxner 
1 b ^ oj la tha aaaoaatxatloa af B aaaatttaaat 

la fxaat af 1 phaaa aad la tha awtaatla ea ai a at xattaa* with 
ladaxaa aaxra^paadlag ta the twa phaaaa tha aaaaaatxatiaa gxadlaat 


la giwaa Igr* 



( 7 ) 




(a> MOST PROBABLE INTERFACE SHAPE DURING STEADY 
STATE GROWTH OF A LAMELLAR EUTECTIC^ 



h-Dj-i 

T 

r 



U- 

^ . \ 


r 'V " 

\ 


r 

r\ 
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(b) INTERFACE SHAPE 
FIG 4 
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Fssa •4u»tl«a 

ia . Vli!s 

Ap. 

fZMi •qmtioBs 7 9aA 8» 


AC£ 

run- -jiinm” 


* 24, 


TIm Bl-Bp* Bf tbt llq«id«« iM tlw pbasti dlagXBB h% ttt 

wA as alisvn is Tlguzs 5. llisra Is tlM dsgzea of 
ss^xssslisg. A dsflslts saowt sf supszoooXjUag Is always xsqttlxsA 
ts Arias tiM crsstta prsssss Imt tbls aaosst smy 1»s snsU* fr«s 
tlivxs 


sXisiftatlJM: 4if « 




(10) 


sad SMSblsisi^ sqsstisss 9 sad 10« 


♦ 2A. 


(11) 


llM xvtis sf Hw IsmUst tkiskssss is sqssi ts tte ssImm 

fMUtrtUbss i«s«f 




( 12 ) 
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oonblnlas •qwntlMUi 11 mtd 12, 

d . I ^ , („) 

• « 

TtaU M^MssUa teMd n ircar aiapl* MamptiM^ <lv«s tte laad af 
tiM a phMM WT th% ^ pbMM durlBg Xamllar gj gaw t h. Hi* Mgaitid* 

•f laad is dstsaiaed bif tbs paranstsr SoV./s.T., slileh nsj bs 

P p ® • 

oaXeuIatsd Iqr msss mt values dsrlvsd fvsa tbe pbass diaczssu tt 
bAs bssa sbSiM, tsklsg a amaibsr sf sateeilo apstsas Sato sonsldoxa-. 
tlsB, that asst oifsteas with valss of tbo paxaaatsa < 4 

1,0* d^ < 1,5 art aoxaal oateetles sad all arotoas altb valass 
of tbe paxaaotor > 4 l«e,, d^ > 1,$ are saonaioas or dogoaemto. 

RsoaleaXatloa^^ of iOko load dlstaaeo, rsfardiog the stlaor 
fboao as tbo Xoadlag pbass la aXX oasts* zosaXtod in aocativo vaXao 
la SOBS tasos* Xbe range of aoxaaX oatoetlo oxtoad froa d^As "* 
to >■ •~0,2S, tbs drsteas wltb paraMtor oatslds tbla xoago 

art apparoatli aaoaaXoas or dogoaorato, Hsaovor, sobs oasoptioas 
to tbis oritorla have boea froqaoatljr foasd as sdUX bo IXXastxatod 
later (Sot Table 5)* 

B»t»u *f HwHwi 

fht alusltlMtlra^^ la tdMd th* ortiapr sf fiulw dt 
tbo too outsotlo phasoa* Ttexo a^a thrto groap* af satootios* tbose 
la oblob both pbasos bavo low entropy of fasloa* tbose la sAiisb oat 
pbass baa high sad tbe otber pbass bas low oatiopy of Ibsloa* sad 
tbose la obleb both pbasos bavo high oatiopiss sf AmImu 

loaslXar os zodXike atmetoios (regular stmetnxe) axo forasd 
Is abiob both pbaaoo bavo loo ontxopiso of fbslos*^ Xrxogular or 






t Pb-Sb SimpU Sb 0*U5 -.72 2.0 Iragilar 

n Bl-04 B1 1.53 2.29 0.57 E««ia« 

III Za-ZiijSbg Qtaylwx ai^Sb^ 0.051 -0.215 1.6 

It C«»pl*x B1 0.365 -0.72 0*5 Itegwlar 

t Bi-Sa Slaplt B1 0.667 -1.04 0.28 Begulax 

VI Bl-ai Sljiplt Za 0.038 - 0.11 0.95 R«pa»r 

VZI 8a-Za Sinplt Za 0.101 -0.378 1*4 Bagalar 




Stxaotuve 

(ObaamA) 


Bvlaotio Etfttotlc 


faaB.*X 


o«a 

wt. 





I 

laa uailasa 

525^ 

Sb 


ncf 

■kjgnjjnnj 

II 

laptrBsot 

laaaXIax 

417 

40% Od 

Bi«4.78 04-2.40 

V-I? 

IrrafuXar 

III 

VImh»7 

686 

2,6% Sb 

Za-2.55 Za38b2»3.65 IMf Bifalfit 

IV 

Cwplax 

ragalair 

598 

43.5%Pb 

Bl«*4.78 Pb2Bi-4.12 

B- r 

IrxagiiXar 

? 

Ouiplax 

xag^Oar 

412 

43.0%sa 

BI-4.78 Sa-3.41 

MI 

Irrvgttlar 

VI 

B<«]caa 

laatllax 

527.5 

2*7% aa 

BI-4.78 aia-e.55 

MI 

Imgular 

til 

Bzakta 

laaallar 

471 

9% Za 

Sa-3.41 Za-2.55 

nMi 

Bicalar 
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OMipltz McoXax atnitttiuNis «z« t^zMA ia «ll«ys in vtiloh •»« pbaM 
liaa bi«ta •mXropj mt fttaloa «m4 tbm athar taaa law aatzapy af lyRslaji. 

Xn tba tblr4 gmmfi af aviaatlea la vfaiah batb pbaaaa baaa high 
aatxaplaa af foaiaa, aa^ pteae gxava altb m faaatad aalld»Xl4ul4 
IntarfiBaa* Straakazaa af aa«a attlaatlee on tba baala af abava axl>' 
tazlaa axa tabaXatad la tabla 5* 

nXoaaaka^^ baa elaaaifiaA tba artzoatuia aa tba baala af 
aatxapy izatla. Xf aaA axa faalott antzoplaa 

af aKfeaatla aamatitnaota) » xaguXax atnatvzaa aza fbzsiad Inaapaa- 
tiaa af faaiaa aatzapy Xaval. Zf >. 1*5» aateotle atmatnxaa 

with pbaaaa af izxaguXar ozlaatatloaa ara abtalaaA* 

tba raaaaa far tba falXaxa af Baat aa4 Jaaicaaa*a eXaaaiflaa- 
tloa^^ aaaaa ta ba tba eaaaldazatloa af afctraplaa af fbatoa af tba 
past aaapaaaata# Za aaM aatarlala tba aalablXity la tba aataatia 
pbaaaa ia toita laxft* aad alaoa tba autaetie taapazatina aata ba 
aaaaldazabXf balaa tba aaXtlag paiat af part aataxlaX. tba naa af 
antxarar^lbalaa far paxa aoapaaaat rathar tbaa far tba Mild aaXatlaa 
at tba aataatia taapaxatara appaara ta ba qaaatiaaabla* 

Jaakaoa^^ baa diffaraatlatad bataaaa tba taa tjrpaa af tba 
aoXld-Ilquld latarfbae bf tba abapa af tba ralatlaa fraa aaaxcr 
aaxTaa. If aaazir alaiasa aecrarrad at paaltiaa aazvaapaadlac 
ta baXf tba attrfbaa altaa fUXad, tbaa aa ataalaaXlf mgb aalid 
liquid latarfaaa mvXA axlat« i*a*a aa alalaa aaaaxrlac at paaltloaa 
aana^paadlag ta^ tba aarlbaa balag aXmat aaptf iapXiaa a anaatb 
ar faaatad iatarfbaa. 
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Ktrx aad haft olAMlfled the eateetlo elXegra ea 

the hMle ef txm mta mt the two o(»peaeate.ttilag Ja43k»oB*« 
erlteriai Bi is eXene te the bexder Xlae heteeen xom^ end feeeted 
interfeee, ite nJjilMi ie peerXy defined hut It oentvee exeegod the 
peeltlen eerzeqpendliiB te heXf the eerteee eltee filled, lending te 
the xfottlt that Bi»Sn, BjUPb will fexn regular etmetere, liiile 
tbeae etruetuee ere eenplex regular or irregular, glee the aialna 
ef the energy fir Ag phase in Bi-Ag else eeears ak peeltien oerrea- 
pending te 0«2 ead 0*8 of the surfaee sites filled, Inplying that 
the Ag phase night grow with a faoeted aelid liquid laterfaee, 
leading te the eenplez regular struetuxe in oaee ef Bl^Ag euteetle 
alley, while in thin oaee the etruetuxe is regular. 

lerr and Winegard^^ hare platted the relative free enevgir 
w/s fraetiea ef euxfaee sites eoonpied fer Bi«4g and Bi-Sa all^s 
aa sbewa in figtnre 6, and oeneluded that the euteetle will he 
regular if the interfaeee have appxexlnately the enne relative Cnw 
energies end that the euteetle will he nere irregular if the ea l en » 
iated relative free eaergiee axe veiy different. 

aumfcrtiM cmoiwti 

B.U tfe. pMMkUlV •t mfumtlMg 

the enteetiee inte etraetural grenps in terae ef dietrlhvtien eeeffi^ 
eient K, mi gnewth nndtxeeeling phenomna ef the two phaeee. They 
eheerved that fer a nnhher ef ♦h* phaee ef that elenent, the 

value ef lUeh in the ether phase in maUer, ie the leading pha« 
nod hr pletting egainet (Ue^, fhetexs eoatreUlng 

Widereeeliag phenenena at the Interfaee) they abewed that grouping 
ef typieal euteetle strueture ie peeeihle, although ef Halted 
u e eur uey. 


RELATIVE FREE ENERGY 





FIG 6- RELATIVE FREE ENERGY VERSUS ^ 
FRACTION OF SURFACE SITES OCCUPIED 
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k^xn%3 C-maiwit: 

1 —nmlmtitm is •b««xv«A p^ttlolwtm t^T 

the liquid •uttcriie allnf wsd tb* tyjf tf «tria«titic« ■ttmt Ig 
•HdlMd. I* Mlg 4 thg tjpt gf alex^stngtux* giblbltgd by 
M^sDdl gutgetl* q]rgfe«mi ax* otvpand with tli« Mitlirit|r e«gffi«|Mttg 
•f thtir o«ap«MBt« la th* liquid phmm »ftrz«d tg tb« pui* liquid 
MtUl, 

It 1» uvidMi txm fublg 4 that aututfiiua itolali Mild 11^ with 
a zufttlax lauMllar atzautuM ax« aagaaiatud ulth liquid phaae which 
uahlhit paaitiw* dufiatiou fxou iduulltj, whilst irregular autewtloa 
axw aMwwiatad with liquid pbauaa which azhihit aert ar uwgatlwa 
dwvialiaa fzwB ideality, Slaoe the aertiwity ueeanreaeate were aade 
at ieaperatuxee aheue the eutecrtle tnapexatuxe* the hehavieur ef 
these liquids at lewer teuperature will i^w luxger derlstieas frse 

idsality thus is suggested hy the data ia Table 4t sehlug the eezra* 

* 

latiea ewea acre uaxlDid. 

A large Isterfaee usdexeeellag is asseeiated with the teMU- 
tioa ei BOS unifexn strueture. The imderecolisg ( T^p^ due te the 
aoousttlatliu ef salute ia thq liquid ahead ef aaih liawlla» is 
inwexeely prepextioaal to !>» the diffueioa oeeffieieot for the 
liquid alley. It has been pzedioted^^» heweter, that far liquid 
alley s a salute with a large pesitiwe partial aelar <heat ef sela* 
tion (Ue. a pesitiwe dewiatiea froa ideality) will diffuse fUeter 
tb«a eae with a acgatlwe er sere partial aelal heat ef selutieu. 

This relatiea fastweea astiwity aad diffusioa rate hae been eaiperl*. 
aeatally eeaftaMd far dilute aelute eeaeeatratioa is tin eelweut 
Thus the eervelatiea ebaerved ia Table 4 uey he due te a wariatlou in 
«»e diffusieu rate in the liquid far the diffexeut ayetena. 



4'^ 

BftXmtioaslilp totvtM aotlvity mmelMt data fdr hiMtxy liquid 
Svtaatlaat aad aataotle atxaotuxal Igrpaa 


SOrataa 

A * B 

*K 

n 

^ a 

afe 

a?T*B 


Maatla 

8tXB0t«M 

B1 « fti 

527 

noo5 

2.655 

875 

MigBXaB 

Cd - fb 

521 

1.979 

1.095 

775 

Bagttlar 

Cd • 8« 

450 

1.502 

1.060 

775 

Bignlar 

0 

t 

If 

559 

U110 

2.001 

800 

BaguXar 

Pb - A< 

577 

1,010 

5.160 

1000 

KagaXfir 

fb » SB 

456 

1.070 

1.660 

725 

Bagolav 

Sb • Sa 

471 

1.011 

2.004 

700 

fiagaXar 

B1 • A« 

514 

0.981 

0.921 

975 

XrzafttXar 

Bi - Od 

417 

0.958 

0.928 

773 

XnaduXar 

B1 - 3B 

412 

1.058 

1,056 

608 

Imtalar 

Bl • Pb 

598 

0.857 

0.754 

700 

IxwgtXmx 

AX - SI 

850 

0.989 

0.550 

1800 

ZxvBfaXar 

Pb « Sb 

524 

0.994 

0.823 

900 

XvxafuXar 
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If tl»« Mtxvpy tf tOMimn vtJunt •f tw# pImums dlffitr widely, 
tbeii Ifttemeleetlin «ii4 chaxatfttrlvtla alM ilffenA, 

•gad It appeareA, tbaxefoM, Aa eixal»la ta avaXaata aatxasy ealaa ftr 
all a«ta«tlo 8 , the atrualara af iibleh are kiMOi^ fiM aataapj faatar 
e wA e* AafiatA, 

® “ ^ “® ®' "TE^T " 

Mi 3 ni aealaataA jter 151 aotaatiaa. Tka ealaBs af A aad A* axa 
oanpaxaA la rjU(uza 7 * Tba aatxopy af fteaioa valua af aallA aalvtlaa 
waa oalaalatad fxea tbe pura aatal data, aad that af lataxMAallla 
eMHHpawiA iacladad aa axtxa tasa, 

- 4.573 lag I, ♦ «2 lag Ij) (15) 

#iaxa aad B 2 art ttaa ataalo fteertioBa af tbe aaa tp a a aata# Za tba 
mm af e* the evtaatie, laataad af tbe oaapaaaat aaltiag, taapax!»» 
taze aaa aaad far aatxeiy aaloulatioa. Of the tm faataMi^ A* 
appaaxa ta ba aaze auaoaaafal la aapazatiag aataatla lata atxwvtaaal 
gxa^a« Abaat 90 paroaat of aozmal aataetiae aaBotaad aoear Iba 
aaliia €• < 1.4 aad 65 paxaaat af aaaaalama airtaatiaa far A* > 1.4« 

Tba xaaalta abani la figaia 7 aaggaata that pbaaaa af ai atl ar 
jwtbar tbaa Alaalallar pzaparilaa aauld ba axpaatad ta glta aaxnal 
atttaatlea, aad tbia bypatbaala aaa taatad br aaalaatlag, tba aaadl- 
tAaoa far latazaaeXaatiMi af aataatia pbaaa* fba zalatiaa bataaaa 
tba iatarfbalal aaarglaa far aaeXaatiaa af 5 ^ a aaa ba aapzaasaA 
bg tba ataatiaa. 



Caa *■ 


- 1 


(t6) 



FIG.7. CLASSIFICATION OF 
ENTROPY FACTOR^ 



EUTECTICS IN TERMS OF 
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Slnllarljr f«r jivclMtiM ^ 

Co» e » • 1 (17) 

P cr^j, 

Ho BiVtiial AttcXeatloii eo»4itlm eon 1>o otated •«« 

^ ~ .. S a, ♦ < 2 («) 

•r zoarraAfod 

< cr. (19) 

dpprojlMto valttO for jUatorfaciml oaorgiOB ct* !»• oMaiJiiod 
from latoat boat of fooioa (L), «ad «» atonie rolwa (Vt mA 
uaiad tbt follawliig relatioaat 

0^1 - 0.179 4', (**> 

•ad “ 0.268 (4, -4p) 

l^Z*t 

(\> m L/T^^ 

fiM atadltioa l^r aa aaoXtatioa beeoaeB after soSbetlttttlons 
Vi) « 1.^1 < U22 <25) 

laatar vj) , pUttad ia 8 appear# ta gif a alaazar 

aapaxatioa af aaaaal aad aaaaalaaa aataatlae, tkaa 1»e fa«tar 

S!}m plDpaiaal algalfiaaaaa af lana raaalt ia that aawaX 
a^«tle fhXl iato the aaaga af •aoa-awtaal aaalaatlaa* l*ea « aatthar 
imi^t ta aa^Oaata tl» athar* laaoa ahaaraad ariaatatloa rela-* 
tloaaiap Ibr aamal a«ta«tlaa nma% aat fia# aaolaatiaa laatrtctioaf 



FIG. 8 _ CLASSIFICATION OF EUTECTICS IN TERMS 
OF INTERFACIAL ENERGY 
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fevt tata gTOWth nstrUtlm, A irl®w th« *atlpU«ltar 

•f •TjUmtatlM »latiwiAlp» duHag tbe tirmt &w GoatisMten of 
gzowth^^. fho SMloatioa pH o a f oa oa oaa affdot vMdazaaallag telu.* 
YiAvr aad otlMv jEtMtama Im tbt oaat atruatara (gfaim aiaa aad 
ahapta). Bat la gaaaaal It la dlfflaolt to aaa Baw aaalaatloa 
fh a aowaa a a aaald Bo naad aa a Baaia far ajcplalateg or paeadiatlac 
the Vpa af aataatlo atmatara* SBa growtB fimmmmm aa tBa atbar 
Band iBflaaaaa tBa aataal axraageaaat af two pBaata* 

2.3 ftmttm PrfwUMias 

Udfiaraat pazaaatara aBloh affaet tBa aataatla atraatara aia« 

(a) laparlty Oaataatat 
(B) OrawtB Bata, 

(a) faaparatvra Oradiaat, and 
(d) Baargy af Tvia Baraatlon. 

(a) 

lapaxitlaa hava a&galfiaaat affact aa tba atsaataxa af aa ta at i 
aUaya* Barlag aaUdlflaatioa, aalidliyiag pBaaa lajaota tha 
lapiixltiaa to tha xaaaialag ligaid, OiBaaa iaparltlaa aegxagata aad 
oolXaat in fxoat af aaXld Utuid latarfBaa. XBia aagiacatiaa af 
iapaantlaa will aaaaa aaaatltntlanal aaparaaoliag aad Baaattaa af thla 
oi«>axaoaliac tha planar aalid^lltald latarfBaa will aa laafar Ba 
atahla, and will ahwi^ to atnhla oaUnlar U^zfBae, raanltlnc in 
oaUttlar atinatn*a^»^\ 

la ahawn Chndwiik^ if tha iMpazitiaa Bara dlffaraat atgra* 
gatiaa oaaffiaiant in ifta two pBaaaa, tBa ia^nrltiaa BnlLd»wp aliaad 
af t%a pBaaaa will Ba diflBiant« iBM will «iwa rlaa ta dlffaraat 
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ooxurtltutloB*! TOpttreooliag. St •»« pluuM Bust Itmd thB 
•*wl Dix m MllAMUqtald iBt€r£M« tlui iBisging pluuie BWBt 

^ in tb« XoxB Bt x»d« Bx JtlbxBB* Hbbbb ttola typ# df taporltlBB 
VlU BhBBCB B iBBBllBr StVBBtuXB l»tB XBdXSkB BtlUBlnXB BB hBB 
toBQ BBXifiBd by dlflBXBBt BBXlCBXS OB dlftBXBBt 

nM BtVttBtBXB Bf BB BVtBOtlB Blliy dtpOHdB 19«B the gXBVtll 
XBtB* IhB BXli^f iriilBb BolidlfieB miHk B xBguIar BtrnetuzB at bIbb 
ffBBth xato BhBBdBB to Irregular or eoaplejc regular as the grewtli 

ZOtB iBBXBBBBB*^*^*^^ AB ttW gXB«th XBtB laBXeaMB tlM piaBBT 

BOlld»ll 4 Bld iBterfeBo teeaka doeQ aiad allBy eelldlXlBs with the 
BtHvlar iBtBxXBBB.^^*^ As in high growth xato iBpvzltlBs do mat 
hate saffieiBBt tlae to dlXfuse aasy Xxea the iatarfBOB lata the 
liquid, ttaay g» OB aeouBnlatiBg at the ABtarfsaa. This BaeuBBletiaa 
aX lBip«rltias mxm* oanstltutiaaBl aiiperaooliBg sad the plaaak iBtaB- 
fhoe haaeBBs aastahla aad the allay aolidiXiea i^th aallBiBr .etyaB 
tttxa*^^ fha gxawtta rete also ohaagas the stxuetare Xxea laaallar 
to xodlilca struataxe,^^*^^*^^ It has haen showB^^ that in ease aX 
StwSa aeteatia allay, tha hrahea laaallar aaxphalacy will haee«e 
asxa xadliJDt at the higher growth xataa aad lass hxakaa at ^ laaer 
growth rate* As idMMa hx Caaksay at.al*,^ tha laaallar awtaatla 
aaftihits a gxadaal aediXlaatioa ar dageaaxatlaa at wexy slaw Xhaas- 
ihg xate« The hreekdam aX laaallar ar r e ng e aeat hegias at Xraaslag 
rates halaw $ mm/hx, Hawawer sash hreak daws aaaara at lawar sad 
laser sfaada as laxer allays axe Xraaea. 

<e) Xaaperatttxa axadi^t 

tha atxaataxe alas dapaada epaa taaparmtaxe gxadiaBt, yig.9 
whlda has dixsat aXlhat aa aaaatitstiaiial aapereooltng.^’^*^® the 



TEMPERATURE GRAD^NT 



BREEZING RATE 


FIG 9 -DIFFERENT MICRO - STRUCTURE WITH 

VARYING FREEZING RATES AND TEMPERATURE 
GRADIENT 
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aitmrp tmfxmtwn giadlwiit nNLifcoes tb* wsiMrtMXiBg* 

An nUny vhlik mxmU/ tm^mn «lth glxnekim aaa 

•olidifitd •• x«ftiX«r Xgr sppljring * Pbszp t«ap«At«r« 

gmAlwit Md It hnM b»«B abvwii^'^ tli«t tb* laMlIcr 

•xxangwMst ban be MdlfleA t« a tilureaa alxuvtme «ltb dftavMM 
af teapaxatoxa gzaiiait* la tba mm mt AX»Si aattatia aUagr# At a 
glawn Xxatxlag sate tb« width af tfea pXata ia Iboid ta waiqr iatas- 
aaljr altta tba iapaaad twpaxataza gxadiaat« tba ailtaaa alght aat 
Xaad tba aliaiiaiai aaa««b to teaaXapa wall datlaad platae and paaai- 
bljr aigbt thaa aacar aa Ilbxaa.^^ 

(A) I!I>I?SLU<3I» 

Xb aa allagr abara tba aaazsr af twin laxaatiaa ia qaita la«t 
tba twla faiaatloB takaa plaaa waay aaailjr Md at MNllar oadazaaal- 
lact wtaiob will laault la ixxagalar ar aonplax xacular atzuatnxa*^ 

Ob tba atbar band* it aaaxijr at twla tasaatiaa la <talta bl«b» aa 
bnmabtaf ar laaa baaaataiac takaa plaaa» xaaaltlag la aacalar 
atmakiuea* 

Xa tba aaaa at Al-Si aataatia^* tba aUiaaa pbaaa is abla 
to obaafa Ita giawth dixaatiaa d a r lag grawth t(f aa^a at aaltlpla 
twimiag aad aa laaal awaxgrawth diwaita tba ai(a»aatal bat daaa aat 
taxalaata ita gaawtlu Xbia abiUty ta abaaga dixaatlaa darlag grawtb 
ta pxadaaa aa iataraaaaaatad irxagalAr awtaatla ia taaiid la a«v 
aatnT waa aatal aataafeiaa aa^ aa A#*Si» ia>-Si« Al-Oa aad Va- 
arapblta» aad aaald wall ba aaearrlag la tba aajarltj at tbla alaas 
at avtaatia arvtmu 
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A» mm •arll«r« • e«n b« toxmd tgr 

ohaagittg tiM Mimifloatioa oo»4itlons* VbB xmge orer wkM 
rent r«gi»ae upplj irl4«l7 fxom •^stom to systeft* It is mxj 

cavtlj psssllils ts iUikstssts mxs tbss sms tmsitlom Im cwvtb 
M<disiilss vltb m fissn mllsy* bsoamss tbs ms osss ms y xsaigs sf 
swMiitlsas sxs biqrsmA tbsss whlsb ma sssUy bs sbtslms4 sW9Ssi» 
«Mrtslly« 

l^tisg sr Imsulmy Strustias^^^^ 

Tbs smtsstis sXlsys vbisb £om imgaXmr stmartuxs gsnsxmUy 
ttmm slth Bsiwpisasv ssll<t->ll(inia imtsrfssst the IxrsgBlmr smtsstls 
xssttlte ttm tbs msaMssspXsd growth at tbs two pbmsss la wbi^ sms 
pbsst Issds amsh absmd sX tbs sse<md phase, msblng tbs soXld<»llqttlA 
istsxXsss asa-plssax. This "^ps sX stxosttixs Is Xs«i4 Is sutsstis 
systsss bsivijig Xbsstsd sod somXbosted ecsipsasots or phases* 

fsssts Xbw wbso tbsxs Is an sasziy barrier X»r tbs sMltlss 
sX a mow solid layer so so smlstlag solid* When a bssrisr is pxsssat* 
gxovtti prssssds by tbs latsial ssssssst oX sts|M ssaosss a soRystaXls* 
gnpblo plaas* 

w«iia— iHid ■sIliBS^ bows sboss that Xbsstlsg is siagls phase 
astsxlal sao osly oooor wbso hath imtsrXhss ssrfatmzs are oosfoa 
«itb xsapsst to tbs solid* XSssts do mot ossar Hiss tbs Istsrlbss 
io ooaoaws, bssanss tbs adiassst soglsmo sX solid oaa alssys Xssd 
tbs XSost plaas* *toa wbss oss oX ^o oorfataxss la ooaoatfs a Xaost 
lass not lbf« booamss sow laysrs oX solid Xrta tbs adjasoat xsgioa 
oaa always Ibsd tbs Xssot plaas* IX tbsrs is a iboot im tbs »-p 
Ximdd fxooos whlsb zsss sissy tbs ImmUst plams, tbs prsssmos oX 
Saob Xssot will xwodsr tbs gawows xolati'*^ly laaobils* IX ttloxo-> 
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ttMftu axt pnasBt la tb* « . ^ Xlqaid ib* •tznwtm wUl 

becMO* Imgalar with a «> {S bamdaxy taadiag to tb« taimt 

Xbt ooaplaz zagular stroetuxo gsaws aa a fbaaiad mXX XVtm 
atsuataza* laab laoat an tba aell any ba mgaxdad mm a aaaxalaaat* 
on aa^ aaaxafiMat tba atxuataxa la xagalax* iban tba aal^.4lka 
atvuatazaa axa laaatad, tba taaat aatarial la aaaalXy piaaaat aa 
a Platan alnaat aaaplataly auxcaaiUtad by tba aan ibaatiag pbaae, 
aama abaa tba aaa»taaatad pbaaa baa tba langa aalaan fxaatlaxi. 

far axaapXa* tba Bl*Pb aotaotla allay eaaipXax 

zaguXax^*^^ atmatura baaing alcaXctaX trlpXat^* 1 atady mt 
daaaatad latanibaa abapas ladlaatad that tba iatarlbaa ana aaapaaad 
mt an ansiy mt trlagoaal pyxaald pxattudlag lata tba Xlqaid pbaaa. 
Xba trlpXat Ibxaiatlana inazaaaad in alaa aad apaeatny altb daaxaaa- 
Ing gmwtta xata aad at tba Xaaaat xacta naad tba XawiXXar la aaaa 
txlpXat aagaaata abaaa alga af daganaxacgr. On tba athav bMdi* la 
tba Bif-Sa aataatla aXXay tba pbaaaa axa arxangad la a baaay aaab 
aataoxfc^t vltb a taadaaay taaaxda a afcaXataa tmpXat fazmatloa. 

1 daaaatad iataxibaa faitlan ladlaatad that ttaaaa fbxaatloaa gxaa 
in a aaaaar alaiXar ta tbaae la aataatla* Tba aaaJyala af 

tba alaxoatxnataxa af tba aaapXaa abova that tbaxa la a Mga af 
aoaplad gxaa^ idtanad aadax tba Bl^ab alda af tba aataatla* 

Tittlrlng di tba taa dlaaaaloaaX alexaatxaatnxa mt a IrxagaXar 
an aa^pXax xagnXar atmatvica* tba aaaand pbaaa paxtlaXaa aaaa ta 
ba diaaoatinaaaa* H»aaaa»* aawilaatloa altb tba g aa a nln g BXaatxan 
wUaDaaaapy^ abaaa that aXX tba aaaaad pbaaa paxtlaXaa axa la fact 
tetaraiaaiftad^ Itablag af typlaaX alaxaatxnataxa and aanalaatlon 
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tsmvtm mtxtmma m tte txtXMrM sUlotta pcxtioto* fM th« 

Al^l tiittetlo aXXtr MTMa«i tlw pxsaesM •x sUgi* ma ndtlpl* 
tifia txwBVc* X««Ky Lm p^tofxaplis dM>ir*A that tbt ixcacidAr 
Plata a «txa {lit} aaA aaataJJMiA jl1l} tirtaa^* Xt mm tha pvaaaaaa 
at thaaa tvlaa that gata slat ta tha appacaatljf tandaM mmu at 
atlieaa ax 7 ataXa» tba aqratala baii« IstaraaMaatad and aalalai 
ta aaah atbar via mltlpla tviaaljig apaxatlaatai* 

Baaastljr it haa haan alMwa that tha lagalar aadlilca 
(ZaSh^KlSh)^ ar hvticaa lawallav atxiiatiUEa (Bi»2a, Bi»Ag« 
jj^^^j15t55t5f»44.46t47 faiaad la allaya hatlag taaatad - aaa* 

taaatad j^haata# ahaa the taaatad phaaa haa laxge valaaa tmatiaa* 

Xa ig-Bl ^ratai* tha Ag slab phaaa la aoa-taaatad la Ag ti^ aalta 
and taaatad la aatala appxaaehlag tha aataatla awpaaltlaBat ahlla 
tha Bl-aiah thoa la alaagra a aa -taa a tad^# fha atiaataia at tha 
Ih--la aataatla aaa taaad to ha hxakan la aall a r *^» Xa Bl-2a aataa- 
tldf 2a phaaa appaara aa diaaaatlaaaaa alhhMi la a >1 phaaa aattlh^* 
tha txaaaaafaa aaatlaa at IUU-Ag» Sh^Ja aad th*Ag aadaatla aUaora 
aha«B a paatamtad UmX%MX atsaotaza^^*^. Baaaaer tha a aa iwla g 
alaatsaa aloxaaeopir xaaealad that thi atruataoea aa aa latad at anlti^ 
pla hzaaahad irlhhaaa^'^. 

Tha AX^l avtaatle faxaa inagalar atvaataaa idMwlag dlaaa»> 
tlBhoma aad giadaaljr artantad Xlahaa at SI aahaddad aaltazalp la 
tha 11 aataUt* Saaaaiag KLaatvaaa alasaaoafqr^ haa ahaaa that tha 
alUaaa tlaikaa ara mat dlaaaatlaiaaa* all the Oakaa halag hcaaidiaA 
tagtthev* BaU aad wiaagaxd^ haaa lapartai a attaatm at dlzaa* 
tleaallp teaaa il»si allaor aaatalalag aXlgaad alUaaa azyatala 
ahiata «za« at aa^ alaw gaDaath xataa* fhathar Oaahaap. Seof aad 
aiaXaaall®'^ daaaarlhad tha Maa atxoatiaa aad ahaaad that tha 
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dlMttsiAMs and tfiaii* af tto allicoga ai^atala aa» aaaalti'fe ‘fco tlM 
twapaxmtun gzadiaat. a datailad atod^ #f all gxavth 2b»e af 
aillcoa and a mtioaallaation af tbalr aceuiaesnaa in tazna aX 
gxowtb >atat taapaxaiaxa gxadlant aad alloy eoaipoaltian baa baaa 
■ada ^ Say and HallanaU^^. 

Halnc vm oaapaaanta (< 9 ppn total Inpoxltiaa) alUya In 
tba xanga 12-^0 «!• ^ Si aaxa dixaationally faaaan aoar a asanga 
af tmtaa f^ean 0»t ta 10 do/hr* with tanpaxatnaa fzadiant ableh 
aasiad ttm 0«99 ta 4O*<0ni« miexoatznataxaa idtleb oeanrxad 
aaxa tabvlatad^^*^^ into tbxaa n^lona A« B and 0« and tba Unit 
within ahiah thoy oaasrxad la daplatad in Vlgaza 10. 

Of tbaaa tbxaa xagiona* C inolndao tba gxawtb eoadltiona abiab 
axe tbangtat to ha typlaal af tba fomdxy ax lahoxataxy allay ymya- 
xatlon» xagian B inolndao the taactoxad allioan anyatalot niliaan 
aaciuariaf aa xoda* Thin la tba xagion fax abi^ 0/1 < 10^ *6 ata*/an^ 
lagion A daflnaa tba aandition aitbln abiob aanplad g»Mrt]i loan mt 
aaanx* haxa 0/1 > 10^ *C Saa*/«n^t tba two pbanaa gxaw tmm tba 
UOttid nlnoat indapandnntly. 

In tba filled autaotie alloy a txanaaazaa aaatian abaaa 
aalla af xagulajdy faxiMd lanallax aapaxatad fian aaob atbax by 
irxagulax x^Unna* Tba aalla am alangatad in a dixaatlon paxallal 
ta tbMi lanallax* A langitndinal aaation lAawn that tba Inaallax 
am tbanaalaaa gxaatjig at a nmU angla ta tba avealnan axla, tba 
lawnllaT m angla af 9>^* «ibb tba ayaatnan axia fbx gxawtb 

at tba lawax tnqnxatnxi gxaiiantt and 10*^14* fhx gxawtb at bighax 
tanpaxatwxa gxaiiant wtana tba oall h a a ni ax iae axa laaa nacknd* In tba 
ixxagulax xagiana thorn la nlaa a tandnnay fax lanalUx gxawtb ta 
aaaiix* 
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2.5 rmMItmTn IfflMrtim. ^ 

X» toM « MBbtr of Boltea mwa axe paMtA ttax«ii«li 

tba ^azge 1» mm dlxaetlni* Saeb saTliic soae oaxrlaa a Xxaatlai 
a£ iapwrltlas {1 < f{ to tlM aad or ia aoaa aaata (c > 1{ ta %lm 
l>a gi«nla g of tha ahariPt ttezabj parll^iac tba witatag aad aaa> 
oontratlag iaparitlas at aaa 

Sha atfioleaoir of tba aoaa xafialag daponia apaa tlM aalaa 
of JDiirlrlMlaa Coafflalaat {K[* ahlota la daftaad aa tlba aoaaaatm- 
tlcai of aalata |lapurltiaa| ia tba oaXid dlaidad bir ita ooaeaatxa. 
tlon la tha liquid* 71 m eluaar tbe Uquldua mod aolldwi Xiaaa tba 
saaxar ta aaity la tba diatrlbutlon ooefflelaat,^ tbarabp xaadariag 
tba aoaa parifloatloa pzaaaaa lapraotloaabla* ?aliM Ibr K aajr aaigr 
fxoB 0«001 to 10. OaaaraXXy apaakiag* tba Xapaxltlaa abiefa taada ta 
Xoaar tba aaXtlag palat (f < 1) ooaeaatrata la tba aoXtaa liquid 
and tboaa xalaiag it (K > 1) atlX toad to aoeiaralata la tba aalld^* 
Iba diatrlbatiaa af iapuxltiaa alXl dapaad vpaa tba taXaa af K aia 
abaim la figaxa 11. Loaer tha aaXua af battar la tba laflalaig* 

Saaa xafialag dapaada upaa tba aaabar af paaaaa. ia tba 
aaabar af paaaaa iaexaaaaa tba axtaat af puzlflaatioB gaaa cm iaoraaa** 
lag till aa gat aXaoat paxa aataxiaX*a iftar paa al , M g tba aoltmi aaaa 
aaoa thxougb an lagat aa bata tbxaa xaglaai^^t (a) xagicm af parlfl-* 
aatloa la ablob tba aaXuta aaaaaatxatioa riaaa abazplp tma K0, to 
0^ [C^ ia tba laitial aoaaaataatloa af lapaxitlaa la tba bar] » (b) a 
aoaa of XaaaXXad xagioa af aaaaaatxatlaa (a) aad a abait taxaiaaX 
ragloa ia ahiab tba aaaaaatxatiaa araaad a 



tf) 

LJ 



FRACTION SOLIDIFIED 

FIG 11 -CURVES FOR SINGLE PASS ZONE 

MELTING SHOWING SOLUTE CONCENTRATION 
IN THE SOLID Vs FRACTION SOLIDIFIED 
FROM THE BEGINING OF THE CHARGE 
FOR VARIOUS VALUE OF THE DISTRIBUTION 
COEFFICIENTS'^- 
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A* tiM wmtOmr pm8«« tb» tixmi xtgl«s «f 

purifioatloa lAcstma, alae the ispwdtjr eoneextxmtloxi in this 
ntgion deevencen, and the aone lefeiied region Aeexenn«« in Inagth. 
naalXj me Xetelled segion dieeppenrs. fhe Inst teaBtnaX zeglen 
inozeeeee In length end eXeo the mpnnitgr eoneentxatiOiB inenennen* 
13ie dietrihetion ef Inpevities with different ef pnnene in 

•honn In flgnxe 12« 

A etable end eMtpnot me with the ihnxpeat penelhle demeroau 
tlASk between the liquid end eolid gitee ttie beet ehanoe of 

meenee. Such ns ideal none depends upon the degree to ehlefa it 
is possible to feeus the beat input. It is easier to prsdase a 
narxee nelten sene in a naterial haring a high neltlng point «Bd 
poor themal eonduetirity, than in a naterial hating a nelting pels 
near men teapenitnxe and good tbaznal eondaetiritp • 

Spood of txarol of nolten sono ia alao an lapoxtant faster 
la doeidiag the tffioienor of tho refining preeenn* IMS honl SiMl 
the speed shonld be saoh that the aolid state diffusion is nsi^Ugib 
end the diffusion is liquid is eonplote. ftomoer this is not pras- 
tionlly possiblo* Thus tho »o»« traral nnst bs nore rapid 

than the rate of solid diffuaioa end yet net so fast ss to pmesnt 
xansonahly sffloieat diffusion of inpnrlties into the nolten nons*^ 
The none speed oea he inoransed tan tines sr sfen nsre a gitem 
dsgsso of paxllloatioa» if offioleitt stirring of nolten sono is 
aoeonplishsd. 

The solofftlon of snitdhlo oontalnor natorial end atnosphom 
Is reiy essential. The zequl»« pbyhiho^ vA ehealeel <Aiametens 
ties ef the eontalner naterial are^ (a) Ineirtaiess to relation to 


RELATIVE SOLUTE CONCENTRATION 



FIG.12- CURVES SHOWING SOLUTE CONCENTRATION 
IN SOLID VERSUS DISTANCE IN ZONE 
LENGTHS FDR VARIOUS NUMBER OF 
PASSES^^ 
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tb» Mit«rUl b«lJBg pmvlfUAt (1») VoXtea aatarial aliavld aat ««t 
tbe eontaiMry (o) CIwismI «oaductlirlty %t %h» «ontaUMV aatarlal 
•bottid ba Mai^axabXt t« me X««c tban that af tlM ebaxigay i» acdar 
to nlAiola* boat pxMj&mt, 

fh$M wtXXod owtaiaors afte iafijalt* adtaatacoo* fiaat 
ooBdaaiaaaa la alalaiaBy ao a abaxp aoXtaa aoaa la paaalMLa% iXaa 
a ttola aaXXad aaatalaaa aaa battar wltbataai tba tbaaaaX atiaaa 
gxadlaata aaaaaiatad.altb tba aoaa xaflalac paaaaaa* 

laik af dlffbxaat aaitcara t$jt aoaa xalUdJig of dif jD»xaat 
aataXa* laaXiidlJiC tiaaaX i9*ady mtmbtt af pasaaa* atnaipbaxa and 
aantblaar aataxlaX la ainaarlaad in TabXa % 
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SiM Xittxfttm* rtvi»» mveaXs tbat tiM »l* » g ifU<i»JbMi •f 
yxyti l|f Biffimnt «oide«z» iJi atitlMr MJL 
aosr 0o*iX«t*« tlwjp* *r* mm wfalttlit MMtdiJig t# on* eXMsJ 

tlMtiwi mf xtfnlAr «biX« mmyAIbc %• tlM vtfatr imgiilar ox 
aii^«x MNKiImr )Sm fthU 5|. It hM «1 m Bmh •howa t(r mm 
» wclDix»^* thxt lxx«giiX*r •r ^wplmx rtgular- xtxwtuM 1« *•% tli« 
lBtex»st px»p«xly tlittt pMtiMlAr xrstM« Mkd that tli« 
ibigh MXidltt«« •• ixx««uX«r wr «Q«pl«x xagulax stxuotvx* mm 
MAM to MllAi^ M XOfUlMX MtXttOtMO^ bi«h pUTltf (mM 

XMI1M4) Mtolo w4 OOMtXOlloA XMtO Of OOlldlttMtiOM^# 


Vox tbo pXOMOt Mxk It MM 400 ldo 4 to illOOM tlM liTMtMM 
Milioli MtMVfl ixrxMBolmx ox oo«pXox xogulMr Mtx««t«x« momAXmi t* 
«M or oMotbox oXMOwLflMtioM. IMM Mixogro vhl^ moxm AlfflMXt 
to oiuUijr boMo oloo bton iooluted* IMxn of thooo oXXtQfo 

gwoQXdiMC to ooo oUooiftMtloa bboiad bo xofoXar obilo om tbo 
of tbo otbox IxxegvXor* It mo teoidod to mm xoftMO tbo 


OXXOgr ItooXf^ tootood of MMO XO f l lli Mg tbo iOdlVldoMl OMpOMOtO* 
no Mdooatogoo of OOMO XMfUlXMg tbo oXXofO 0X0 <o) Mf pXOOMtO«ti< 


ocipoMot, If pMoottt, Mill oogioioto lo tbo fl»ot fOXt of tbo 
box**^, (b) thoM lMpoxitl«o« Mhlrt. booo 1 MOlMlKiMXSr MMb loos tb 


OMO fox OM O M p O M M t Md 
Otbox OMpOOOOt, OOM OXOO 


oooxXy ohmX bo ox bXHtbtXj obovo oso f 
bo MOiMOd offiolontXf* Tbo only lapo 
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ibioh luM K valvft 1«S8 ttaB wm Xbr wm eospftaent aaid Knit 
then ea« tor thn ettor rapoamt 1« well/ 4im«at to zmvo, 

(«) tto« aitnal «Miwt ef voiik imilTod la oeaaldtmhX^ leduMMiA* 

Umi mm nfiMd eXlogr m» ttea mm XafeHad maA tUmklf 

glMn tlM dilMtlOMl MllditoMtlM pMa «t « aX** •pMi* 

fkmn tiHi altMi^xactaMO In aolatioa t* tM ggm/Vti diM«tto« wm 
ata&M t« laiiiM tiM Msodts. 

ttm fUmm Hatpamm %t tto lilnaijr avtootia alXoy ajrakMSt 
P1»»Sb« B1.4M* Bl*to end a»»to» naMilMd ax* 

gitnn In fifnaon 13 and 14* fha MtaXn naoA tor nalfing Utm nlln^n 
mA bnttar thm 99*9 paxMnt pnrltr* 3M naan nftning nan 4ann 
in pwifiad axsM m an to pstvnnt aalAaftlon at tht Mtal. InitiaXJ 
the gxnpblta heat nan aatd tor the pnrpaoe. BeMMr« a tn:qr niin 
anSltnn sena nan attaiand ninea in^hita la tarr ea aina tan af 
haat« A ikaxp and aanfinad naltan mm naa ahtainad aaiai 
qnarta nhieb ia a zalactlvaly paar bant aendnatar. 

fha baat Mnxaa tor aaXtlag naa a raalataaaa toraaoot aada 
np of a aUgXa aaU KanthaX A, Id gouge nlra. fha lanthal nlxa nai 
oolXad aa a 12 nn diaaatar aaU and fl»d np Is a fixaaXaj hrlok 
hating a haXa af 37 aa dlaMtar. fha hrlah naa anrzaandad Ig the 
tna Mppar pXataa in ntalah gzataa nara aada tor natar airnaXatlan, 
fha aimaMirng nater aXtinatalg aaaXad tha aappar plata and halpa 
is gattlng a aharp naXtan noM« 

fha apparalM naad tor mm xaflalnig had tha axxaagaiient to 
noting tha fnrwMi at tha toairad Mond hatnMn 2*0 ta 30 oo/hr ir 
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FIG,14_ PHASE DIAGRAMS 
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tiumtaA and Mapantivalj »pldljr la ttot WilcaaxA 4 |je«^ 

tloa iAim Mt Utr mm Mtialag, $Im Miy siaar apMd tf Hw ficp- 
Moe MtlM Mvld «hMM «lMa Mt far mm 1«mUU« mxIc* SM 
L I Slftj P M Uf ^ MalMXXtr w uMd to MStaai tM 
of tlw fuzaaM* 

TM aXXoyo mx* Mltod la mmm aoalad 12 aa diaaotoa 
ffsax tiMo to giM baza of tho mm alM» lAicii Mxa tbaa awodgid 
doaoi to tbo 6*29 aa dlaaotor alM baza* fbz aalriig allogra of BWSd 
aad Bi-8a« tbo aoXtlag aaa doM la tMaa of 6*29 m dlaMtoz 
to glfo tba flaal Mda, btoauM of tho bzlttXo aatazo af tbo allogri 

liz aoM xofialag tho faxaaao aaa Mt at a paztloaXaz taapa 
sataia aad tho bar aaa hapt la tbo odoaBOd gaaarta boat* ifiaz tbo 
fbiBoot bad attalaod tbo atoady otato it aaa aXloMd to aa'Va altb 
tbo zo^iad apood of 79 aa/bz* Tbo oatoz t«opoxbtaio aaa aa 
adjmatod that tbo aataaX mm width la tho boat aaa abovi 19 wm 
If aoM width wao aazo it aoaXd ha zadwMd ly ioazaaaiag tha Ibaaa 
tanpavatttzw* 

BiflOxoat apoodo and dlflbzaat aaaboz of paoMO hm haaa 
aaod by dlffOzaat wozioizo^* faz tba pzaaaat work It waa doalM 
to aoM zaflM tho Mtal at tha apaod af 79 aa/hz aalag 9» 10 aad 
25 aoM zaflaiag paaaoa* Afioz mtm zwflalag* aMh baz waa awt ft 
bath aada« Oaa laoh ftoa tha ataztlng Md aad two laMaa fzoa tl 
laat oad* Tho zonalalag alddio pazt of thaoa laMoa laagth aaa 
aoM iowollod at tbo apaad of 79 mt/kx foz thzoo tlnos aaoh way 
[forward oad baMwazfl « ftjoalJy tbo a«io Xawollad bar waa dlzwetl< 
aaXldifiad at tbo zoto af 20 wm/hx^ idiloh Ma tho alaiawn apood 
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ATAilabl* with tht pxwMHt wppamtiuk iXm mt wwiwfijMiA ■MnpXw 
WM woXldiflwA dl»«ti*a«ll 5 Xitr eoapazwtlwt wtwdr* 

Xt wu aiwuMd that aftwr nww wmm mttSMSmg pmamtm mm 
iDpurltlw* wwzw xMMWwd meh w«m«kU 4 la tha l«g| paart^ MOah 
waa aatualXjr ahappad ati; Sa altar aaaa lawaUlac tha taital lapa- 
Mty aaataat waa laaar thaa that at tha aanttaad har« aat tha 
awtaat at pazitlaatlali was laozaaaad with hlfhar aaahar at aoaa 
xatlalaf paaaasy l«a. 10 aad 25 paaaaa^ as tha tatal iapwrity 
aontont at tha bar daaraaaad* Baaaa wbatawar abaafw ahaarwad la 
aioxaatntatttxa tgr laaraaalag tha awhar at paaaaa wars dua ta 
dacaaaaa la lapurltlaa at tha har* 

Attar aaaa ratlaliig« XatalXlas sad slaw grawth paaaawf thxa^ 
aMBpXaat la ralatlaa to grawth dixaatiea traaawarasy waatlaal 
laagAtwAlaal aad harlaaatal laagltudlaal aaatloaa • wara tskM thw 
tha mlddXa partlaa at aaob har, Shaaa i^aiwana wara thaa g r a w ad» 
pallahad sad axaalaad aadar aptiaaX alazaaaopa# 

As tha aXXaya wara ^ta aatlt It waa a prahlaa ta palish 
than aad gat a satlstaetaiy aexatah»£raa aortaaa* far Fh»8h and 
Bl-Ih aXXaya aaap aaXutloa hariag lawalaa pawiar la saapttiaioa ms 
wed tor paXlahing wash* Tha atraatara wm ahtalaad dlraetXf attar 
poXSahlag without tha uaa at awf at^iaiit» Oa tha athar head tar 
Bl^Od* Xa^h» Bl-8a« BL-ta aad 8a»te atXlaf a» tha paXlShlag war 
dam aalag aXualaa pawdar la diatHIad water aad tha paXlidkad 
q^aolaaa waa atahad waiag taXXawiag at^duatat 
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I* jgbiSbi 

Ibt alcn»8tx««tiuee» lAmm in fi^snxn 15 «id 

nloxnphotngrnpb nf tha xnadMi dlstxllwllon in Xlgiuen td» Xba ns 
sast struslun shonsd tbs xnndsa dlntHbotisa of tbs nscond pbnss 
paxtlclsa nbioh vsze flnJtsy in naturs, kttmt sons xoflnlng and 
dirsctionnl soXidif lest Ion tbs strustuxs bsoooss oonrssr* vl^ 
tbs slight tsndsnear of tbs flslcsa to srisnt la tbs dlreotioa of 
gzosFtb. So xsoaxknbXs obangs was sbssrvsd in ibis sfstsa. 

XZ. JlidSii 

Tbs scbSMstio niexsstzustuzss axs stassn in ligaxs It SAi 
■icaopbstographs in Kguts 18. Tbs as saat stnwrtiucs sbs«s tbs 
gvains basing diffSxsnt orlsntations of tbs ssssasd pbass partislss. 
Tbs asosnd pbass x^s^rtlclss ars slongstsd and saxlj In natuzs. Tbs 
atxustuzs sas osllnlar as obaxaotsnssd bt altsxnatlng ssarse-fiss 
avzafs of tbs sscond pbass. 

iftsr slss gzswth pass la tbs warsflnsd stats "ttis gnaias 
dJJMVpsar bat tbs stzustuzs is still ssllular (Tlgaxs 18(a})» Tbs 
ssssad pbass paztiolsst shleb ssrs still sarlyy bass tsndsnsgf to 
srisnt in tbs dirsstion of grssfth (figuzs 18 (b))* Tzaassszss aset: 
sbosB tbat tbsss ssiMuid pbass partislss asks sa aagls with tbs ssr 
tisal. Osszall stzastnzs sssas ts bs osarssr than tbs as east 
mm (figars 18(b) )» 



I Pb-Sb 



FIC’15- schematic microstructure ( dark phase -S b) 











Transverse section (Bright phase Sb) 
X 450 


Big. 16 : Lead - Antimony Alloy. 














(a) Transverse section 
unrefined X 600 



Fig. 18: Bismuth - Cadmium (Dark phase Cd). 
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Att«r li^« ■•a* refialac ••oond ph«M prirtlolca 

art Xtsa oarljt ha^lag better ori#at»tlbn tu tha diraotion of 
gvowtta* lb* ••llular straatuz* >tllX In trmMiTara* •vetio 

ibe «BgX« vblob th# aocaad pb«M partlsXo Mind with tb* 
dinetion, mmB %• bd Imrctr as ooapardd t# tb# provlaad dddd. 

Ad tbd Bvdbdr df padded laexdad«d» the atruetura bddoaad aord 
wlfdBDt tbd dddddd pbadd partioXdd Iddd earXj aad bdttdr arldotad 
id tbd dirddtloa df gxowth. Tbd trMsddrad addllda after taanty 
flTd paddid dtaovd that tbd ddodnd pbade partidXdd ard arldntdd U 
tbd bdrldontal direct Ian (rigard 1B(d))» Tbd graduaX alldMint 
df the ddcead pbade in the tranadarae ddetion with done id fining 
id partiduXarXy rdaarlcabXd* Tbd berldentaX XoagitvdlaaX dcetion 
ibdwe irzdcuXar dbaped aad iatdivodaadotdd addand pbaae partioXdd 
dltb Oddide aad find Zdfiond (flguzd 18 (d))« A deoparidda af tbd 
boriaontaX XangitudinaX aeotion with tbd traadderad adotlon iadiaal 
the ddtuaX ahapa af tba partiolaa, abiob are in tba fbzn of pXat#-] 

in. 8»-s» t 

Tbd aobdaatio aioroatruotureB are ahoen in figure 19 and done 
idpidaeatatide miorophatograpba in figure ?o« 

Tbd aa eaat atruoture ia aon-uaifain and tba dlatrlbution of 
tbd aeooad pbaae partioXea nbieh appeared to be eXangatod uaxe 
amdoa* After the aXo» growth paaa of unre fined bar, the diatrlbutl 
la atiXX raadoa with oecead pbaae partioXee af Wdiyiag alae and 
bhapa (figure 20(a)), 

After flee none le fining paaada the aeeond pbaae part Ida a 
rtiddd tandeacf to arlant in the direetion of gra^th. In tranaeerae 
aaotiaa the partieXe dhapa la aXaaat olroular (H uxe 20(b)), wbll< 
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(f) llorisontnJ lotiuitu- 
diiial sectioii - 
after' 2 5 Zuih; 
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Fig. 20 (Coutd.): Zijjc - Antiinony (lark ’'h'S/. Z‘:..0i 
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aagltuAlaml SBortlona •!!«»» iMth oireulmr «ii4 aleiisat^d paxtiel*»« 
e(D«t It «pp*ar -^«t tbe tdiap* of tbo aoeond ph««e portleloo 

oxlod fxoa optatvlosl to bvokon xoda, 

ku tbo niMbor of piMiaoo laezooooo, tbo struotiixo beooMo aoro 
lad noro luifoxn wd tbo oXoniprtod partleXoo tUaovis bottor tondoao; 
io oriont iJi tbo dlxocrtlon of gxootb (Tlgttxo 20(dyO«f})* 

nr, lica* 

$bo odtiewitlo ■iexootxnetwoo ox« Ohom la Ylgun and oone 
uloxDpbotogxopbo la flgaxo 22. C oa p Xoa zogulor otzuoturo ««• obsorved 
la tbo mo - oaot otruoturo hoolag roguXor rogloao of trlpXots oad 
IrxoguXar otruoturo botoooa tbo txlploto. fbo tnploto irore rondmlj 
orioatod* Aftor oXow gaowtb poao of uaro flood bort tho otruoturo 
OBO yot roadoa oiod ooo a od to bo ooMihot floor (figuro 22 (rO and (b)). 

Aftor floo aoM rofiaiag paoooo tbo otruoturo booono oooroor 
(Tlguxo 22(o)). fbo leagltudiaoX ooetlon obowod tbot tho trlpXots 
bod o toadoaiqr to orlant la the dlroetloa of growth. Tho otr uo turo 
botoooa tho trlploto ous otlXX rondon. As the amber of posoeo 
laerooood, tbo oooood phase portloXos botooea tho trlpXots tondod 
to orloat la the dlroetloa of growth (figure 22 (d) sad (o))« 

Y. 

Tbo sohonotlos of nlerostruoture aro Shown la figure 23 and a 
fbw roprossatatlws aloropbotegrapbs la figure 24. The eoopXex regular 
strustuSiY bSMfeeab oad raadosi diotrlhutloa of the second phaoo la 
botwoca boaefeoBb;Wao obsomd la the a»-cast strueture. The fans 
wore roadoaXf oneated* After alow growth pass, la uareflned state, 
fane had a slight tondonoy far uertlcaX orientation in transverse 


W Bi-Pb 






















Cb) Vertical longi- 
tudinal section 
unre fined, X 600. 



(c) Vertical longii: 
section - after 
5 Zone refining 
X 600. 



Pig. 24: Bismuth 


Tin (Bark phase - Bi) * 
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•o (flgu» 24 (»)), and to exlont in the direetton of gzowtb 
agltudiiial oectloa (Figure 24 (b)). Oeer«ai etruotuie eoe etill 
«• 

After flee aoae reflnlBg peeoee the atsmeture beoeoe eoareer 
leee fane end the eecend pheee paztlalee ahoeed tendenoy to 
it In the dlreetlon of growth (figure 2^(o)). Seoead ^heee parti- 
were eurXy in nature* jkM the awaber of paseea inoreaaed« the 
tr of fane deoreaaed, and the aeoend phaae partloXea had better 
tnoy to orient in the direeti<ni of growth, Seoond phaoe partloXea 
leas ourly* The tranaverae oeotion after teeaty five none refin- 
paaaea ahowed randon erieatatioa (figure :24(d) while Xengitudi- 
aeotion ahowed orientation in the dixwotioa of growth with aa«o 
me and fino rogioaa (Figaro 24 (e))* 

Bi-ia t 

Tha aoheaatio nieroatruaturaa aaro abaim in Flgura 25 and a faw 
coaeatatlvc' oioropbotagrapha in figure ?€• She aa oaat alruatuaa 
ead gxalaa having different orientation of tbo aeeond {dMuae paah- 
Ita. After slow growth pasa of unrefined bar« the grain boundarlee 
e atm evident in the tranaverae aaotlon (figure 26(a) )» fha 
gitudinaX aaotlon ahowed that the aeeond phaae partloXea wax* 
eatad in tha diraetlon af growth aad had nlXdly oerrugstad atrue- 
o in the heriaentel Xeagitudinal aeotion. An aaeentuated oorxu- 
ion waa eaoaaaieaalXy ahaarve4» the typiaal axanpXa ef whioh ia 
wn ia figuro 26 (h) • 

Aftar five oone reflBlag tha grain hawdarlea diaappaared.tha 
ructure waa eoaraar than the prentua awe. In the truwivara# aeotion 
. aeoond phaae paxtieXea were oriented at an asigX# te the vertical 
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Fig. 26: Bismutb - Ziiic ■. :XDark phase Zn). 






(d) Horizontal longitu- 
dinal section - 
after 10 Zone 
refining passes, 

X 600 


(e) Transverse 

section - after 
25 Zone refin- 
ing passes, 

X 600 




(f) Vertical longitudinal 
section - after 25 
Zone refining passes, 
X 600. 
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Pig. 26 (Contd.): Bismuth - Zinc (Dark phase Zn) 
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(flgttz* 26(o))« In 1— gltn rt l n n l . Mntion they wtrt nvt orient nd 
In tb* dlnetion of gxontb. As tbs smbor of pntsss Insrsnssd, tbs 
orisatntlon of tbs second phnse particles In tzsnsvsrss ssetion 
tends to beeons borlsontal (flours 26 (s)). Tbs longitudinal esction 
sbonsd tsndsnsj to bsesne sontinnonn and oriented in tbs dirsotisn 
sf ggswtb (rifnxe 26 (d) and (f)). 

VII* Sn^an t 

Tbs scdisiDatio miorostxustnrss are shewn In Vlgurs 27 and a 
few rsprsssntatise mioxopbstsgrapbs in figuzs 28. Tbs as aast 
strustnrs showed the sseond phase particles la tbs fern of biolten 
lamellar. After slow growth pass of tbs unrefined bar* the trans- 
terns ssetion had some grains* hating eoarse and fins regions (Figure 
28(a)), each grain bating a diet Inst orientation sf tbs l»«llar 
array. Tbs tsrtioal longitudinal ssstioa showed both slsagstsd and 
olroular srsss seotloas of tbs ssoond phase particles* witbevt align- 
sent in any particular direetlon, Tbe borlsontal longitudinal ass- 
tlon sbswsd fins alongatsd particles aligned in the direetlon sf 
growth and sons olroular seetlened partielee In the form ef bumps 
dlstorisd in tbs direetlon perpendicular to that sf growth (Ilguis 28(1 

Aftor 5 BOM refining paeaes* the transterse aeotlon still had 
grain atrasturs* tbs Isngltudlaal ssetion ehowed elongated disconti- 
nuous part isles* orisntsd in tbe dirsotion of growth (Figure ?8e). 

AS tbs sMbor of psssss inersssed, tbs struotuzs bsosme finer In the 
tMBSterse aeetion. Tbe grain bsuadaries ware still ssldsnt* wbsie 
as the second pbnse paztieles taxied between the eiroular and elongate 
in ilMipes (Figure 28 (e);. Tbe lettgitudinnl eeotioa showed better sllg 
wisest in tbe direetlon ef growth and the tendency of the second i baso 
partiolos to beoone oontinusus (Figure 26(d)). 
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Zinc (Dark Phase Zn), 
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nm Stnctui* dliMma m tiMi mm mt A«t««y&» axu^ 

■••■■ %• a* aiailar to that px»dtt««4 $m tto itfMXftr (Ifollar) 

•utAvtltta Icf tlw PXOMOO ♦/ i»p«ltlo»^^. tl» imik t«^o pl—t 
ia t«e prttAxxtd 4iz««tloas» a«lciag ditftml amgiMB «lt)i tho aonwl 
to tb« mxikoo. Tho )il 4 (btr gxovtli xito mins Isrgir a«fl* vltli th« , 
maxnml %• tbo MUlDuot iriiilo th* olovor tpnmth Mi« wdopo aMOllor 

U 

lAflit With tlw iwawly •• tlwt tlwj mm Mm to kwp poM toiag 
SMWtkJ^ 

OoXXa mt xogvlarljr Aizm4 It— 11 or — p— f * fiMM Moli ttkor I 
zoglMW* —rt ImltiaXXf oxAwiM ft «a «fXo to tk» I 

tad ta ^ JUiptKClt3r ttattal dttMtttt* tbo— ttXXt I 

oxltaittloB ttaiAt tt kt— kt rAa — ttl , tXat M a—ktr of ttXXt I 

datxMttt titli dt—at ia laptiit/ mt—tv tlw a i a i X t r tffOat tea 1 

44 H 

teaa o te a ry ad Igr daaataaia< fxaalk lata^. | 

fhmm dUwaataaaX Ikm aw te latarpxatad lar mmpmxlm^ tlw ttaaa I 
aaaUaaa altaa twar^ ft— paaata« ihlte thwa ttet tka aaeaad phtaa I 
paxtXoXaa [CMl plwwQ aaa tatawiaoteatad tad la tlw fawm mt pXataXata. I 
Iheae pXataXata aaa aJf tekTiac •»* »lwr ataa fXatalata 

oorxaapanda to tha eatxaa xasloa tad attlXar aaaa f«» flat xaslaa af | 
otXliatr otauotuxa, Ifhe pXattXata tra iatazaaoaaotad la tba pXtw al | 
tte pXatalatt* Tlw Intarooanaotlon mi tka ooaaaa aad flwa pXatalata I 
aarlflta that the gzoath teaages^aaslXy tetaaan the tw gsavth dtxactloi 
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S«o»ad pteM pmxtieUa [ai^Shg] . •x wylac alup* Md sIm mx* 
Alvtilfewt^d 1 b thB pBJCBBi Mdrlx (Si)* 1 b tlw IspuM mXXvfrn 
ka tbe iapBTity mt«Bt Abbimmi ^ Miwad pIbmb t«a4» to 

Boquixo xofttlar ototP* and ihoot ihiob m oloacotod tzios to ovlMt 
iB tlio dizootiook of fBivtliy flvlBc « otrootiuw OomopOBilBg to tlw 
bXOkOB Xlboxo* Bozo tbo OtZOOttlZO ohl^ BM pOBBldr iMOiBlOV tOBdO 
to bOOWM BOZO OBd BOZO ZOfulBZ 00 tbO iBpBRltjr OOMlOMt tOOZOBBOO, 

k ooBpIox zoctdor otxBotuzo^ bonrlBg zbcbIbx tzlpUto ox h o o iy 
ooBb of Bi Bid m IzxigoXox zofloB voo oboozood Sb iBpozo Bl«.Bb2Bi 
•Bd fil^Sa omtoBtio olloro. OaoBOkod ixtoxfOBO obooo that tba ««»• 
plax zofuloz oiznitttzo zoaulto ffeOB tba a aotzoX Id plata pzojoatlBg 
Into tba UqBld*^. Saab a tata iffb aa iMt mm i wa artl aaia to « doa- 
dzltla atzaatuza, ablab Ibna daa ta aa ux aat libd ^ Utnid 
ahaad af tba czaaiBc ixtazfaaa^* fba zafioB ntbaat tba aaatval 
Bl Plata oza aaazoaoaptaallp flattax aad zaabita ta imcalatr 
JWfiaa^^ 

yaar aa tba iapazitp aaataaft iaaxaaaaa tba ZMrtax af talplat 
dUMi dbazaaaaa* abaatag that tbaia aza laaa faaababaiaaaaa aa am 
tfrnwtmg aaUd Utaid lakazfoaa. flUa aaaaa that aa tba lapazlty 
dilBibaat daazaaaaa tba aapax aaallaf abaad af tba aalid llqald iatazw 

Xa tba aaaa af BJMb aalaatia, tbo Izza^lar atzaatoza sbaaad 
toBdoBoy to ozfJMt IB tbo dliaatloa of gzaatb* ibUo It bob dlffloolt 
to aay oo In tba oaao of Bi-I1i2®^ onteotlo* tba zaaaoa Bay ba altbar 
tha purifleattoa waa aot auffioiaat «aaaffa ta gita laipilax atzaataza 
ox tbe gzowth rata aaa bl«b* It aaa qutta oUax that batb tba allaya 
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^ick «•!« OMildvz xagular liav* Un§mv u ovlmt 


tn tiM 


•f gx»»tb, !*•* «luntijzg t*««r4a a aacviar 


»• lizata XmiXlar aknwitaxt m» ataaiwaA la 

ot BX-Za m 4 Sa^Bi •aUotit aOXir** SMoaiag SXMctmw almMi^ 
hM ih«in that la mm af PWAc ahlhh 1« alM a hxakM XaMlXar la 
tM iiamaiaiaX viaMatnataM* Hm atm yhaM haft %lm htaaahafl 
zlhtoM akxiiatoxt*^'^ SIem tha baraadOac ataanaA la tha pXm 
aX tha azlclaaX slhhaa. Mgr alawaaatlaav aamifrt aaa tilBM thmch 
tha pXaM aX tba zthhaaa aaaXd haaa a alaiaatmitaza alalXar to 
tha hxakaa XaMXlar. 

Za tha 9mm aX BUta tha akaaaiaxa taaatm hsrtaa XMaXXar 
aaaa aXIar paviXlaatlaa* ta tha mpMEttp «Mlaat iaaaaaaaa tha 
l a a a l Xay tataa ta haaoM oaia aai^taoaoa aa4 hattar aHaatai ia tha 
dlMatioa aX csaath# laav hNhaa atmaiwra ahaoa that thaxa aaa 
Xaaa bxaaahiag « aa aa tha iapMity aaataai haasaaaaa tha Mwaaa aX 


Ba tha haaa aX ia^ tha OMMi phaM Qbi |Imm] ah&ah ia ta 
tha thaa *X haaaahat tlhhaaa haaaaaa Xaa«ar tha Xaa<itaAtaaX 
ahibiia M thta ta taauaaaM aa ati aa , aa tha aUay ta laslXlaA, 

. jjlralhhitim af tarUiaa aXXaf ia taMaaacM aMtiaa ahaaa aaaa 

;'X 

hMla aa« xaainr xlihhMaai «haaa Mia ili aat haaa tha aaguXar haxa- 
gMoX itatMMM af Mia Xhaa* la aasaaX a»iXJha aataatta aaft taaia 
ta XazB xaaa af aiiM BhiHar aaia hai haaa itaxaai ta iWlg Mat«a 
tgr SavihiJi aaA Jaaaa*t^ S a aa ain g aXaatxaaa aiaaaaaaMT xaaaatai 
that tha xada atra hzaathad ia a a l a iXa r aaimaif ta tha xihhoaat aai 
tbia aoaaaata Xor tha tmot thafc tha xaia aaoMxai la xaaa» 
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!• «n«% htm Umn •imrfA la ilit mm mi 

tie MMP4 tbmt tkt mmmA plMiM (8%) p«rtl41«« 

in mm ibt inpurlty mitMit teoxansM* fhm fMxaX arntm mt 


%hm ntnatuM itMtiati tm 


« fkla ah«v« ttel altlMiv tlw 


mtkm is sst saffiolsat siMSAk mt fxswtto nsts Is fisst %m gim 
xsfvX*r stmsiuas ss4 tlis stnstuxs wslnsi s ipl sisly imrsfulsr. 

OsBslisKUi \hm ssniltiMs sidsk fmmmat mgmXmx s«isstls«ii 
IMS Issa rnmm tksk is s tmmXltat swtsstls tIisM Is m ii sTms» s«u 
istls srlsskstlos xslstiosablp kstssss s«i«ssat plsuss*s iXss ibsis 
sxs sss# srlsststlcm sf iks pisssv Xassllsr (wsifssss skiok tess Is* 
SBssir thus stbsrs, ss« thmm UssUas smscMMsi sxs sszxsspssi* 
stskUissd, asd as* SftiM silsstsWiss sf 4ks l aw sllsr 
pXssss SIS sails* •ssissUssi Urtssfkss**^ Hi tks pssasssa sf 
aitias slilMr t* isls»<*iai sssifp wUl isasssas as tills Isfs asasor 
plana will sat ssissi* *tli tlm IMstSf •iKSStlas# nafcisg tks 
aOlsr InesfsXaa* 

f* stiMSltata mt s*a*ia silsr stsasiijr iayasAs upas tha fkas 
snt*r mi tks pkssaa, m 4 tks sinatsia aUi %a xafular If tka tkaa 
iSlMip *f tks tsa phssas ana starlf sasa, as* lasagulsr *as tkaj 
diMI' tSdQT diffsssartl*^^ Sanaa tka paasasaa af Ispasitlas slULX inaaaasi 
M StfisasaMa k a t s a s n *# fksa asasgp af tka tsa pkaaas* lisa 
ss akaas Ir Jsaisn^'# *• St an d ** * k* iwatslsr If 
af ass pkssa ansir tks stl m s 4s ln»«a- *ka sffkst af pasiflamtias 
ka that tka ias4 Alatssaa sill iaaxaaaa as tha ispsslty ewatast 

dsozaasas. 

is ispartaat oosstdasatloa far tka Irsagslar autaatle la tka 
anaxgy af tain faxsstloiu^ «k«i naarcr af tsis faraatlos la las 1, 
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tlnxt !• iMviMit ivinisg^ tin «iU kUkly ><r w i >lM 

Mad h««M IvfgalMt, fka of ftapwrlty aifki k# Xarpomkl* 

t&x twlMitac t% MMUw iM tlw li ii Mrl ky da «»■>••« 

Midxsr fkr tifi» IkSMtiMi Mklac tl iifftavlt 

knmokiag %• —matt i»a«S.'lliic !» » »*f4tor stiMilm •• !• 

•bow i» Bi-ai Mii flaMtot ar«k«tts. 

, - 69 

tlMi fwmtli tirtJMi iMBta Itf® akMWftad 1 m mIXImm Mid fiiMiBlMi. 
k mmUJ. dMivlBC f«f*o 4 m m—mtvtj twlM dMOMtlM* Mii 4 m pWfiMi 
Iqr MMMVdMoXlMd ikmtA mt “Ilia iMtarfMaa* Wmm dlM MidaiMidXlMd !• 
—kXX Mttd la aoMMtlttttlaMil 1» MMtiuea (l.a, daa ta iMPMrttlaa)* 
UigtaMd af aalXa talma apr^aar at tha Imtavfada* IMa mvmm apa- 
tnM IM MaiMrlMlM wkVk * lAsiMilr iMdiOdMad gmmkk iiiaatlam 
(ahAah Im tw* Majr ka dad ta fkaatiai) ta adkd tka aaia af saaatk 


tm giaatk talma* aklali a» ^ka dldtiMdt fM ami amwlatad 
dkM dafi»aatlam talma* piMflda am assaar al laamliaat aaxaara ta 

rti-- -.*• 

4*1* «M i»w» *«lwi wtlMwl !*/■ 

Wtim9/K^ m»tUm ahiH kwHW* «• 

aelt U •**•» to tototo» • *cwto« *•*•• Ux gwtob to* to mU 

a.d.»«>U><. «• t-» «*• toto. to 1*- <«*«»«. 

and the *»»th t»i** to high «arwt«CT, thm » wma* •••• »«» 

•tototo i*d«otlBB la Jtotoltj e*«t*to mt/tr ndatolM to to* toWth 

t afi-MTto jTadiamli aaald atla alat a talmmlmd* 
zata amd Uwmaaaa im taapaiatiaa gxamtamTi 

It 1* mtvmxl toon th* *o4*w**itog d«to to **»!•• 1 toto 
Bi, Sh, rhjBl •»« to p»h*bl» aet a* B»cl*a»t* dvrlag *to*tol* 
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4b|ji Duct Ao#9 m4 smi %• lurt# 

MOM to tkO oilCMMOt Of MOMlA pilOOt 1» tlo IWSt, It-lb Mid BL- 

as oiilootlo olJUf 0 * no ooot ToooiliUU oUjMiot lo to to fOood 
In filled ond ao^ln ovkootlo nlloyo ohoio ttoxo io o dolinlto 
onlMtotlon foUtloiMBip totvooa tho too phMoo (8m *otXo2?)* ^ 
tho Bl»2n mA 8»»8t olJliyo oXoo omtit anadoNi nooXIfnooBt* Altlwngta 
no orlontotion data axo aoaUatlo fox tBoM tao aXUgrat tlM Bona tr 
Baa tbo txokan XaaoUar Olxnotaza and la piToa— otly olatlar to tto 
Sn^mZrn alXof oBoxoas tbo lattor baa a bxokan xodllbo aixaataxo mob 
«|wa BOBO xotlaiag btoonoo ilnaXtaaooaoljr alifoM and Mboxoidal 
In abapo* 4* xoady oaplaaatlon la fortbOMtag Jba tbia bobavloax. 

Xn f ononX* tbo aooand yhoM aXIfiMHit In all allapa la noat 
pxabablj aoanootod vltb tbo aloo iPO*tb Mto ani iltb tbo xodoMd 
InoldonM of twinning allor a o oo aoftatng y 


oumK n 


ssmm I 

i3MV*4 MM t^uukg^ to £!▼• igfgftMia awt 9t | 
wtnmm •IXt^m tiM wmiltm man W act [ 

(a) kn aaslaat 4acx*aM8 %ha Mvamailag tlMaA af I 

•oliA lji%«rft«a tecMaata Hrjag tte idaxfiMa mm ^Hmmr f 

(BS^Sa tmi. BMk avtaaitiM)* ^ 

(b) ia tlw M«t«at to a Ma ta tto aaainr far talaaiac I 

iaantaata, laaaltiBg la laaa taiaalac baaaa aaia lafolar aizoetaxa I 
( Btcl af S a-la)# , 

(a) tkt iapturltiaa Iwta alcaiiia«rt afiiNil aa Vm a tmaa taaiatla | 
nxUMtmtim aalatioMU# lataata aijaaaat lAaaaa, aa tba u^acrlty 
aantaat dlX Aaexaaat^ tte aaiaalAant ijiiaatea mu minnUm aitk 

tba iMaaiag dixaalioa aaktag tia alaaafeaaa Maa aa<nl a y > I 

(4) Zapaaitiaa alaa aUl Ua iatoHlMlal aaaxcr af tl» I 

«a» vMaaa. fla »iaaaaaa mt UmmAtinm «UX Imaaaa tka lakavjBaalal I 
MUtoi tka alnalaaa inagulaa* 

(aj aaaaad fkaaa aXlgaaiat la aU aU^ra la aaat yaakablj | 

oaaaaatad aikli tka aUa gMWtk laU. It la a^>aata4 tkat aalag atlU j 
alow gaavtk aalaa (at tha Mrtaa a£ 1 aa/kr) all tka aXlafa alll kaaa | 

xagular atvaataaa* | 

i 

Oaaal«aiiii« tk* aii^a paiata it aaj ka aoaaludad tkat tka j 

inagular atruatiaa la aat tke IkkazMt af tka ailagra. Tka 

atsuatuxa dapaada upon tka giaath aaadltloaa aad iaparlt^ aaataata* j 

Kid all tka aXlaja aaa be aada to aaXldUy la sagular atnataM by 
ualag hl^ purity aatala aad aultabla g*owtk eoiidltloaa* 
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